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The following logic changes have been made 
so that the Lunar Analytic Ephemeris Generator 
(LAEG) will accept the R2 potential model. 


1 . 


Terms for 


and have been 


added to the equation for the 
computation of the mean motion, 

2. The terms needed for the effect on 

the secular rates of the node and the 
argument of perigee have been added. 

3. The inclination function Flmp and the 

eccentricity function Flpq have been 
expanded for R2 potential 

4. The computation of the constants of 

integration g^, e^, sinl^, and 

have been changed to reflect the long 
term periodic effects of R2 

These changes resulted in the following 
changes to the document: 


Pages 
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Ik 

li+A,B,C 
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1 + 5,46 
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Changes 
, and J 


31 


terms are 


added to the 0^ equation. 

The term are added to the w and 
equations 

The inclination function Flmp is 

and J. 


expanded for 


31 


The eccentricity function glpq is ^ 
expanded for and 

The method of computing e^, g^, sinl^ 

and is shown 
o 
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for Mission "C": Return-to-Earth abort conic subprocessor for moon-cen' 
tered aborts", by D. M. Gafford, F. M. Northcutt, and J. D. Monroe. 


The enclosed document is change 5 to the referenced internal note. 
These changes correct logic deficiencies and modify the logic to 
accanmodate the reentry curve fits. 


The logic changes presented herein only apply to the Lunar Landing 
Program (LLP). 
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1, Inclination control mode 
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3 . Vector offset technique 
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centered aborts", by D. M. Gafford, F. M. Northcutt, and J, D. Monroe, 
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the accuracy of the Jacobi correction for some abort situations. These 
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Transmittal of changes to detailed programming requirements 


The enclosed flow chart changes are to MSC Internal Note No. 68 -FM -35 
which presented detailed requirements for the real-time computer pro- 
gram to be used in support of Apollo missions starting with the D 
mission. The changes are to the CSI iteration logic and are needed 
to stabilize the AV estimator whenever the pre-CSI trajectory is 
near circular. 
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Transmittal of changes to detailed programming requirements 


The enclosed flow chart changes are to MSC Internal Note No. 68 -FM -35 
and represent logic requirements for the Apollo E mission RTCC com- 
puter program. The changes are needed for certain rescue situations 
which require CSM dwell maijeuvers. 
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2 


8/5/68 


lO/U/68 


The CSI iteration logic was changed 
to constrain iteration estimates of 
AVcgi so that the program would not 

fail due to a had first guess from 
the AV estimator equations. All 
changes are to the flow chart of 
subroutine CORE. Page ^4-3 is replaced 
and if 3a is added. The pages contain 
logic to bound AV^g^. Pages 51 and 

5if have been modified to provide a 
stable prediction of CDH true anomaly 
to be used in the generation of the 
first AV^gj guess. 

The definition of the input flag I. is 

0 

changed to allow phase angle definition 
control at TPI, not at the initial 
vector time. Adjusting the initial 
elements to give the desired sign on 
the initial phase angle is not an 
adequate control of the rendezvous 
solution whenever the rendezvous 
sequence requires several revolutions 
to complete. Also, the automatic 
recycle option of the program is deleted. 
Specifically, this Involved the following: 



Page(s) Changes 


18 

22 
if 3a 

6if 

69 

70 

72-76 

78 

80-8l 


Ig definition changed 

Delete call to ADJUS 
Change to exit on 
iteration failure 

Change to exit on 
iteration failure 
Delete recycle logic 1 
Delete 1 

Delete 1 

Modify JOCSI to call PMISS 
Add Iq logic to PMISS 
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■UBJECt: Transmittal of additions to detailed programming requirements 


The enclosure constitutes change no. k to MSC Internal Note No. 68 -FM -35 
The changes and additions are logic changes to the Apollo 13 RTCC rendez- 
vous targeting computations. They are applicable to post-CSI targeting 
and are required to provide RTCC capability to iterate on the CDH time 
which will hold TPI time fixed. 
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1 . Reference: MSC Internal Note 68-FM-52, "RTCC Requirements for Mission 
G: Lunar Module Attitude Determination Using Onboard Observations," by 
FM4/B. F, Cockrell, February 23, 1968 . 

2. This memo specifies revisions of the referenced document to incorporate 
the time tag offset for downlinked data, and to correct errors in the flow 
charts . 




3 , The time tagging of the RR data is done when the CDU's are read which 
is 5 to 10 milliseconds after the doppler count is completed; however, 
the observation set will be time tagged in the middle of the doppler 
count. For this reason an offset of about 50 milliseconds will be added. 

4. The attached pages from the original report were changed to reflect 
the revisions to the convergence processor flow charts. 
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1, Reference: MSC Internal Note No. 68-FT1-100, "Basic Equations and 
Logic for the Real-Time Ground Navigation Program for the Apollo Lunar 
Landing Mission, " mk/E. R. Schiesser, R. T. Savely, H. G. deVezin, 

M, J. Oles, April 15, 1968, 

2. The purpose of this memorandum is to present changes recopnended 
for the referenced document. The changes involve correcting the equa- 
tions used for the local vertical corrections and the equations used 

to transform polar X, Y, Z topocentric coordinates to the earth- centered 
midnight-prior-to-launch coordinate system for the starter module of 
the ground navigation program, and the logic used to mechanize the KT 
FBI option of modifying the state covariance matrix. 

5. In the process of correcting the observations for local vertical, 
the deflections of the local vertical in the direction of longitude and 
latitude (aX and A<p, respectively) must be used. The RTCC uses values 
of AX and Acp found in the Goddard Directory of Tracking Station Locations. 
Hence, any set of equations used for the local vertical corrections 
should be derived from deflection definitions that are consistent with 
the deflection definitions in the Goddard Directory of Tracking Station 
Locations. 

4. Investigation of the pertinent equations as they stand has revealed 
that they should be adjusted in order to achieve the above-mentioned 
consistency. 

5. In the starter module of the low-speed ground orbit determination 
program (reference), topocentric range and angle observations are 
processed to obtain earth-centered position vectors referenced to the 
Greenwich midnight-prior-to-launch ((3^L) coordinate system. The compu- 
tations made in processing the polar mount observations (hour angle and 
declination) differ from that for the other radar mount observations 
in that they are measured in a unique coordinate system (see reference, 
p. 69 ). The equations are being corrected in the reference to convert 
the topocentric position vectors of the polar mount tracking stations 
to the same topocentric reference as for all other radar mounts. The 
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subject: Incorporating NOUN 69 into the line-of-sight MSFW range rate residual 
processor for Apollo It 


1 . References: 


a. MSC Internal Note No. 68-m- 105, "RTCC Requirements for Mission G: 
Selecting and Verifying USES Doppler Data Sources during LM Ascent and 
Descent," Mt/A* D* Wylie, April 30, I968. 


h. MSC Internal Note No. 68-PM-lOO, "Lunar Mission Requirements for 
the RTCC Ground Orbit Determination Program," PMt/E. R. Schiesser, R. T. 
Savely, H. G. deVezin, M. J. Oles, April 15, I968. 



c. MSC Memorandum No. 69-FMt7-t08, "Incorporating NOUN 69 into the 
line-of-sight MSFN range rate residual processor for Apollo It," BMt/A. D. 
Wylie, December 17, 1969. 


2. This memorandum presents recommended changes to the RTCC requirements 
of reference a for Apollo It. These changes allov the RTCC high-speed 
MSFN processor to determine the dovnrange position error of the PDI 
initialization vector during the free flight phase prior to PDI. The 
formulation vas obtained from reference b and merged into the existing 
logic of the high-speed MSFN program. 


3* The formulation in this memorandum supersedes the formulation presented 
in reference c. It vas discovered that formulation vas necessary vhich 
related the downtrack error to the inertial velocity of the LM in order 
to determine the correct value for NOUN 69. All formulation requirements 
for the NOUN 69 procedures are included in the attachment. 
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subject: Change Sheet for MSC Internal Note 68 -FM-l^ 


1. Reference: MSC Internal Note No. 68-IiM-125, "RTCC Requirements 
for Mission G: Lunar Module Attitude Determination Using Onboard 
Observation," FMA/B. F. Cockrell, May 28 , I 968 . 

2. This memo specifies changes to the referenced document to incorporate 
revised definitions of ■ the gravity vector direction and rendezvous radar 
angular coverage limits. 


3 . The direction of the gravity vector to be downlinked will have its 
origin at the center of the LM body axes and point in the general direc- 
tion of the local vertical (i.e., up). The mode II (lunar surface) RR 
angular coverage limits are: 

220° < Shaft < 355° 

125° < Trunnion < 235° 


4, The attached pages from the original report were changed to reflect 
the new definitions and should be inserted as replacements to the 
previous internal note pages of the same number. 



j James C. McPherson, Chief 
Mathematical Physics Branch 


The Flight Software Branch concurs with the above recommendation 
and requests LEM to proceed accordingly. 


James C. Stokes, Jr., Chief 
Plight Software Branch 
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1. Reference; MSC Internal Note No. 68-FM-125^ "RTCC Requirements 
for Mission G: Lunar Module Attitude Determination Using Onboard 
Observations," FMVb. P. Cockrell, May 28, 1968. 


2. This memo specifies a change to the reference document to revise 
the figure illustrating the rendezvous radar shaft and trunnion angles 
definitions in L.M. body coordinates. 


3. The attached page from the original report was changed to reflect 
the new figure and should be inserted as replacement to the previous 
note page of the same number. 







James C. McPherson, Chief 
Mathematical Physics Branch 


The Plight Software Branch concurs with the above recommendation 
and requests IBM to proceed accordingly. 
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Flight Analysis Branch 
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ORBITS TO VELOCITY CHANGES AT 
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By Bryson M. Purselt, 
Flight Analysis Branch 
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LOGIC AND EQUATIONS FOR 
RTCC COMPUTATION OF LUNAR 
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Lunar Landing Branch 
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APOLLO MISSION D 
(AS-503/CSM-103/LM-3) 
SPACECRAFT 
REFERENCE TRAJECTORY 
REVISION 1 


By Harold L. Conway, Robert S. Merriam, 

and 

Harold O. Spurlin, 

Orbital Mission Analysis Branch 
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TO 


MAY IM BomON 

otA MMH (« am) 


UNITED STATES GOVERNMENT 

Memorandum 


See attached list 


FROM : FM13/Chief, Mission Planning Support Office 


NASA-Manfid. Sp^ecrsfl Centet 

"1!D"R3T ilfflUp”. 

date: August 22, 1968 
File No. 68-FMI3-U92 


subject: Revision II to Mission "D" (AS-503/CSM 103/IM-3) Spacecraft 
Reference Trajectory 



doci^ent represents revision II to the mission "D" Space- 
+ Trajectory. This document reflects the official chances 

l Trajectory revision I (MSC internal note 68-PM-147) fnd 

t Lrof tH c “ Official interim document prior-fi^lj^a- 

fXws: Operational Trajectory. The major changes are as 

1. The assumed launch date (Hovember 2, 1968 at 1500 gmt) has been 
changed to December I5, 1968 at 1500 gmt. ^ ‘ 

+ shifts in burn initiation times due to an updated MSFC 

state vector at LM extraction, which includes S-IVB venting. 

th originally scheduled following EVA, has been shifted to 

the third period of activities following the docked DPS burn. 

d. The APS burn-to-depletion and SPS-6 and SPS-7 have been shifted 
to provide better station coverage and crew workload. 

aa<iitional SPS burn (SPS-8) is included for end-of-mission 
trajectory adjustment prior to deorbit. 

thpTLP trajectory listing) will be published around September 10 

Inv cl published about ?c?olr J?' 

bill doncerning the attached document or its dlstrl- 

butlon can be directed to this office. 

The Apollo trajectory documentation distribution list has been chanced to 
reduce the number of copies of the documents which must be printed This 
t.!. alleviate some of the overload on the MSA prin^inffaiili- 

les. Tlie attached list reflects this reduction. It should bf reviewed 
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Advanced Mission Design Branch 
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STUCTY OF FEASIBILITY OF 
EMPLOYING THE SM RCS T0( 
DEORBIT THE APOLLO 7 ^ 

SPACECRAFT FOLLOWING A 
PREMATURE SPS CUTOFF 


By Alexie H. Benney, Jr. 
and David J. Griffith, 
Orbital Mission Analysis Branch 
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ONBOARD MONITORING ANALYSIS 
FOR EACH SPS BURN 


By James L. Wells, Jr., 
Guidance and Performance Branch 
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By Herbert S. Estes, 

Guidance and Performance BrancK 


(This revision supersedes MSC Internal Note 
No. 68.FM-85 dated April 3, 1968) 
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MSC INTERNAI. NOTE 68-FM-155 DATED JUNE 25, 1968 
RTCC REQUIREMENTS FOR THE TLI BURN GO /NO-GO 
PROCEDURE 

By Herbert S. Estes 
Change 1 
October 1, 1969 


Page 1 of 2 
(with enclosures) 

Division 



Marlowe D. Cassetti, Chief 
Guidance and Performance Branch 



lohn P. Mayer, Chief 
Mission Planning and Analysis 


After the attached enclosure, which is a replacement, has been 
inserted, place this CHANGE SHEET between the cover and title page 
and write on the cover "CHANGE 1 Inserted." 

1. Replace page 5» 
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CONSUMABLES ANALTSlS FOR THE “ 
APOLLO MISSION E 
(AS-504/CSM-104/LM-4) 
SPACECRAFT REFERENCE TRAJECTORY - 

REVISION I 

By Arnold J. Loyd, Martin L. Alexander, 

Richard C. Wadle, Harry Kollchortt, 

Richard M. Swalin and Sam A. Kamen 
Guidance and Performance Branch 
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EXPRESSING THE CHARACTERISTIC 
VELOCITY OF OPTIMUM TLI 
MANEUVERS FOR ALL MISSIONS 


By Francis Johnson, Jr., 
Lunar Mission Analysis Branch 
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Analysis Division 


■ See list “below da te: 2 6 Ml R 1968 

68-FM5I-I58 

FROM : FM5/Lunar Mission Analysis Branch 

FM6/Orbital Mission Analysis Branch 


subject: RTCC requirements for E mission - updates to SLV guidance equations 


The attached internal note change updates the Saturn guidance equations 
contained in Internal Note No. 67-FM-82. These changes are required for 
the E mission RTCC system. 


Ronald L. Berry, Acting Chief 
Lunar Mission Analysis Branch 


./T” 

Edgar C. Lineberry, Chief 
Orbital Mission Analysis Branch 


APPROVED BY: 



Johrt P. Mayer 

Chief, Mission Planning 

and Analysis Division 


The Flight Software Branch concurs with the above recommendations. 


James C. Stokes, Jr., Chief 
Flight Software Branch 


Enclosure 

Addressees: (See attached list) 




date : O 


••/.) 0-108 


Buy V.S'. Savings Bonds Kegulariy on tht Payroll Savings Plan 





NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 



MSC INTERNAL NOTE NO. 68-FM-159 

July 2, 1968 

iiPAD REForj mm 

\ m 

A METHOD FOR DETERMINING 
OPTIMAL, FIXED-TIME, 
N-IMPULSE TRAJECTORIES 
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By Donald J. Jezewski, 
Advanced Mission Design Branch 
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AND RECONTACT ANALYSIS 

By Marland L. Williamson 
and 

Charlos W. Fraley, 

Flight Analysis Branch 
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OF FIVE RENDEZVOUS PROFILES FOR 
AAP MISSION AAP-l/AAP-2 






By Larry Hartley, 

Orbital Mission Analysis Branch 
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A PERFORMANCE STUDY OF THE 

SUNDISK REENTRY GUIDANCE 
PROGRAM FOR EARTH ORBITaJ. 

MISSION 

By Joseph E. Rogers, 

Lunar Mission Analysis Branch 
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EFFECTS OF GUIDANCE AND 
NAVIGATION SYSTEM ERRORS ON THE 

APOLLO 7 MISSION 

By Melvin R. Rother, 

Guidance and Performance Branch 

MISSION PLANNING AND ANALYSIS DIVISION 
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BIAS EFFECTS ON POSTFLIGHT DATA 



Mathematical Physics Branch 
MISSION PLANNING AND ANALYSIS DIVISION 
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MINIMUM AV, THREE-IMPULSE, 
NON-COPLANAR TRANSFER FROM A 
CIRCULAR PARKING ORBIT ONTO AN 
ASYMPTOTIC VELOCITY VECTOR FOfR 
SMALL DECLINATION ANGLES: AN 
APPROACH TO THE TRANS-MARS 
LAUNCH WINDOW PROBLEM 


By William C. Bean, 
Mathematical Physics Branch 



MISSION PLANNING AND ANALYSIS DIVISION 


MANNED SPACECRAFT CENTER 
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MSC INTERNAL NOTE NO. 68-FM-168 


July 8, 1968 

APOLLO MISSION E: 
AS-504/CSM-104/LM-4 SPACECRAFT 
PRELIMINARY ALTERNATE 
MISSION STUDIES 


By Mission Analysis Laboratory 
TRW Systems Group 


MSC Task Monitor 
Cathy Osgood 
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SUN-IN-THE-WINDOW ANALYSIS FOR 
THE APOLLO 7 NOMINAL LAUNCh[ 
PHASE AND THE MODE III, FIXED-AV, 

AND 

MODE IV ABORTS 

By Robert E. Prahl, 

Flight Analysis Branch 

MISSION PLANNING AND ANALYSIS DIVISION 
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July 19, 1968 


' SPACECRAFT 

OPERATIONAL ABORT PLAN 
FOR APOLLO 7 (MISSION C) 

VOLUME II - CSM LAUNCH ABORTS 


By Edward M. Henderson, 

Flight Analysis Branch, 
and 

J. V. Butler, 

Mission Operational Section, TRW Systems Group 
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NASA* Manned Spacecraft Center 
Misskm Banning & Analysis Division 


TO 

FROM 

suBjEcrr: 


See attached list date: OCT 9 196B 

File No. 68-FMI3-612 

FM13/Chief, Mission Planning Support Office 

Update to the Spacecraft Operationaa Abort Plan for Apollo 7 


This memorandum identifies the attached document as a program- level 
document for the Apollo 7 mission. Insufficient time is available to 
produce an internal note. 

The GSM launch aborts described in MSC internal note 68-FM-170 have been 
updated to reflect changes in the launch trajectory, spacecraft aero- 
dynamics , and the SPS . 

Updates to the LEV aborts (MSC internal note 68-FM-224) and the contingency 
deorbit report (MSC internal note 68-FM-208) are not required. Further 
revisions to the Apollo 7 abort plans are not expected. 


R. P. Parten 


APPROVED BY: 



_^hn P. Mayer 

Chief, Mission Planning 

and Analysis Division 


Enclosure 

Addressees; 

(See attached list) 

FM13 : JRGurleytpj 




WO-Hi 


Btty U.S. Savings Bonds Regularly on the Payroll Savings Plan 




OPTIONAL FORM NO. 10 

MAY Itn EDITION 

OSA PPMR (41 CPR) I0I-II.< 


UNITED STATES 


GOVERNMENT 


Memorandum 


HPAD SEPART CONHIOL 

copr 

DO NOT MMOVE WW* Manned Spacecraft Center 

Mission Planning & Analysis Division 


TO : See attached list 

FROM : FM13/Chief, Mission Planning Support Office 


date; OCT 4 1968 

File No. 68 -FMI 3-603 


subject: Apollo 7 (mission C) Revision II to the Operational Consumables Analysis 


This memorandum identifies the attached document as a program-level docu- 
ment for the Apollo 7 mission. This revised operational consumables 
analysis includes revisions to the SPS, RCS, EPS, and cryogenics loadings 
and/or usage profiles. 

The SPS and RCS propellant margins have changed slightly. The hydrogen is 
still showing a slightly negative margin, and the oxygen margin is slightly 
positive . 

The SPS AV requirements in Revision II to the Operational Trajectory (MSC 
internal note 68-FM-245) resulted in increased propellant usage. The RCS 
profile revisions reflect changes in the Flight Plan. The EPS profile 
reflects updated master electrical equipment lists, updated prelaunch proce- 
dures, loss of the VAC-ION pumps, and limited battery-charging procedures. 

The actual consumables loaded in the CSM will be described in a subsequent 
memorandum at L -3 days . 


■/tVkzzL- 

R. P. Parten 
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APPROVED BY: 



John P. Mayer 

Chief, Mission Planning 

and Analysis Division 


Enclosure 

Addressees : 

(See attached list) 
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LANDMARK t 

ORBITAL NAVIGATION PLAN ‘ 

FOR APOLLO 7 

By Richard E. Eckelkamp, 

Mathematical Physics Branch 


(This revision supersedes MSC Internal Note 
No. 67-FM-163 dated November 1, 1967) 
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MSC INTERNAL NOTE NO. 68.FM-172 
July 17, 1968 


THE DETERMINATION 
OF ATTITUDE DEVIATION LIMITS 
FOR TERMINATING A NON-NOMINAL 
TRANSLUNAR INJECTION MANEUVER 


By Charles T. Hyle and Alexander H. Treadway, 
Flight Analysis Branch 
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MSC INTERNAL NOTE NO. 68-FM-173 

July 18, 1968 


RTCC REQUIREMENTS FOR MISSION G 
LOI TARGETING PROCESSOR 


By Robert F. Wiley, 

Lunar Mission Analysis Branch 


[This revision supersedes MSC Internal Note 
No. 68-FM-34 dated February 1, 1968!) 
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MSC INTERNAL NOTE NO. 68-FM-174 



July 19, 1968 


PRELIMINARY ANALYSIS 
OF LM ABORT AND CSM RESCUE 
FROM A 60- N. Ml. CIRCULAR ORBlIT 
FOLLOWING AN LM ABORT 
FROM POWERED DESCENT 


By Jerome A. Bell and Allan L. Dupont, 
Orbital Mission Analysis Branch 


(This revision supersedes MSC Internal Note No. 67-FM-65 

dated May 5, 1967) 
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A ONE-PHASE TARGETING CONCEPT 
FOR THE LM POWERED DESCENT 


By James H. Alphin, 
Lunar Landing Branch 
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MSC INTERNAL NOTE NO. 68-FM-179 
July 31, 1968 

APOLLO 7 SPACECRAFT OPERATIONAL 

TRAJECTORY 
REVISION 1 

VOLUME III - TRACKING TIME HISTORIES 


By Alexie H. Benney, Jr., 

Somuel L. Miller, and Fred C. Jensen, 
Orbital Mission Analysis Branch 


(This revision supersedes MSC Internal Note No. 
68-FM-n2, dated May 7, 1968) 

MISSION PLANNING AND ANALYSIS DIVISION 


■■ 


• : .d 


MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 


9 




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 




MSC INTEP.NAL NOTE NO. 68-FM-lA3 


July 10, 1 


APOLLO 7 (MISSION C) OPERATIONAL 


K 


By AloxtQ H. Denney, Jr. ond Samuel L. Miller 


Orb if a I Mission Analysis Drancli 

MPAD REPORT COHTROL 
COPY 

. DO NOT REMOVE 


1 


MISSION PLANNING AND ANALYSIS DIVISION 

MANNED SPACECRAFT CENTER 


' : .7 A A 


HOUSTONJEXAS 










^ HPI0 r- 

NATIOr^yjgffg^PitlCS AND , SPACE ADM IN ISTRAf ID N 

%SC INTERNAL N OTEfeioP^d'S'l^FM^fsi ' 


July 31, 1968 


APOLLO MISSION E 
(AS-504/CSM-104/LM-4) 
SPACECRAFT REFERENCE TRAJECTORY 

REVISION 2 

VOLUME I - MISSION PROFILE 


By David D. DeAtkine and Alexander Woronow, 
Orbital Mission Analysis Branch 
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MSC INTERNAL NOTE NO. 68-FM-184 


July 31, 1968 

APOLLO 7 SPACECRAFT OPERATIONAL 
TRAJECTORY (REVISION I) 
VOLUME I - MISSION PROFILE 


By Alexie H. Benney, Jr., Samuel L. Miller, 
and Fred C. Jensen, 

Orbital Mission Analysis Branch, 
and David W. Heath, 

Lunar Landing Branch 

[This revision supersedes MSC Internal Note No 
68-FM-llO, dated May 22, 1968) 
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NASA* Manned Spacecraft Center 
Misaion Planning & Analysis Division 


TO : See attached list 

FROM : FM13/Chief, Mission Planning Support Office 


DAT^: SEP 2 6 1958 
File No. 68-FM13-579 


subject: Revision II to the Apollo 7 (C mission) Spacecraft Operational Trajectory 


The attached document presents to the Spacecraft Opera- 

tional Trajectory (OT). It reflects the official changes to revision I 
(MSC internal note 68-FM-184') . The changes are as follows; 


1. 

The 

2. 

The 

3. 

The 


The 

5. 

The 

6. 

The 

7. 

The 

8. 

The 

9. 

The 


third SPS burn is increased to 9*2 seconds. 

GSM weight is increased by 200 pounds. 

CM aerodynamics coefficients are updated, 
revised launch trajectory is reflected, 
deorbit maneuver is retargeted, 
sixth SPS burn is directed out-of-plane, 
seventh SPS burn has an out-of-plane component. 
GSM orbital drag model is updated, 
landing target point is changed. 


These changes are considered minorj and therefore, a Volume Il-type docu- 
ment will not be published. Further revisions to the OT are not expected. 


R. P. Parten 


APPROVED BY: 


4 ^ 




John P. Mayer 
Chief, Mission Planning 
and Analysis Division 
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(See attached list) 
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CHARACTERISTIC VELOCITY ANALYSIS 


FOR THE LUNAR DESCENT 


By Billy G. Taylor, 
Lunar Landing Branch 
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August 1 , 1 968 

COMPARISON OF A TWO-BURN 
SCHEME TO AN RCS INSERTION 
TECHNIQUE FOR LUNAR ASCENT 

By William C. Lamey, 

Lunar Landing Branch 

PLANNING AND ANALYSIS DIVISION 
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MSC INTERNAL NOTE NO. 68-FM-188 

August 1 , 1 968 

RADAR DATA FOR CHOOSING PASSES 
TO SATISFY THE APOLLO 7 
(AS-205/CSM-101) 

RENDEZVOUS RADAR TEST OBJECTIVE 

By Samu«l L. Miller, 

Orbital Mission Analysis Branch 

(This revision supersedes MSC Internal Note No.’ 
68-FM-1S2, dated June 25, 1968) 
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DROOPING TRAJECTORY DURING 
THE FINAL APPROACH PHASE 
OF THE LUNAR LANDING MISSION 


By Moises N. Montez, 
Lunar Landing Branch 
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MSC INTERNAL NOTE NO. 68-FM-193 

August 9, 1968 
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RTCC REQUIREMENTS FOR MISSION G: 
THE TRANSLUNAR MIDCOURSE 
CORRECTION PROCESSOR 

By Bernard F. Morrey, Brody O. McCaffety, 

and Alfred E. Morrey, 

Lunar Mission Analysis Branch 

(This revision supersedes MSC Internal Note No. 

68-FM.151, dated June 21, 1968) | 
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feject: Revision to Volume I of the Apollo 8 Spacecraft Dispersion Analysis 


References 

1. McHenry, R. L., GPB: Apollo 8 Spacecraft Dispersion Analysis, 
Volume I - Dispersion Summary. MSG IN 68-FM-298, Decemher I3, 1968. 

2. Hitt, G. C.; Kindall, S. M., TRW Systems Group; and Yencharis, 

J. D., LMAB: Apollo 8 Spacecraft Dispersion Analysis, Volume II - 
Translunar and Transearth Phases. MSG IN 68-FM-303, December I6, I968 

As stated in reference 1 , subsequent to the completion of the Apollo 
8 dispersion analysis it was determined that the magnitude of the 
spacecraft venting thrust was about three times larger than the worst 
expected venting. It is now believed that operational procedures 
that have been developed will minimize the effects of spacecraft vent- 
ing on the Manned Space Flight Network (MSFN) navigation errors. 

Hence the information on translunar midcourses in reference 1 and the 
translunar midcourses containing the effects of venting in reference 
2 should be disregarded. The data contained in reference 2 on the 
translunar mission dispersions without venting should be considered 
as typical of the results to be expected for the Apollo 8 mission. 

The following table summarizes the no venting translunar dispersions; 


Maneuver 


Dispersions 



MCC -1 

MCC -2 

MCC -3 

MCC -4 

Percent SPS maneuvers performed 

95 

0 

0 

2.5 

SPS AV (mean + 3 ^), ft/sec 

25.91+47.85 

0 

0 

5 - 99 + 1-35 

Percent RGS maneuvers performed 

4 

6.5 

' 53-0 

93.0 

Percent RGS trims performed 

78 

0 

0 

2.5 

Percent no maneuvers performed 

1 

1 93.5 

47.0 

^■5 

RGS AV ( mean + 3 C^))ft/seG 

0.63+2.73 

1.47+2.76 

1 . 40 + 2.20 

1.69+2.85 

Pericynthion altitude ( 3 °’)^ 

31.41 

1 25.11 

12.96 

9.06 
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FROM : FMI 3 /Chief, Mission Planning Support Office 

subject: Apollo mission D (AS-504/CSM 104 /lM- 3) Spacecraft Operational 
Alternate Mission Plan 
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Mission Plann-ng & Analysis Division 


date: 

File No. 68 -FMI 3-757 


The attached document presents the spacecraft operational alternate 
mission studies for the D mission. It presents the current alternate 
mission strategy and is meant to supersede a preliminary version of the 
alternate mission plan, MSC internal note 68 -FM-IO 8 , published April 15 > 

1968 . 

The document has been distributed according to the attached list. Any 
questions or comments pertaining to the document or its distribution 
should be referred to this office, extension 4091. 
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TO : See list below date: 

File No. 69-FMI3-99 

FROM : FM13/Chief, Mission Planning Support Office 

subject: Additional information pertaining to the Apollo 9 (Mission D) 

SA 504/CSM 104/lM- 3 Spacecraft Operational Alternate Mission 
Plan (>ISC Internal Note 69-FM-3) 



The attached enclosures provide additional information pertaining to 
alternate missions presented in the subject document. Enclosure 1 
provides mission timeline information for a GSM alone. The general 
philosophy used in designing the mission is to maintain nominal ground- 
tracks, network contacts and daily access to the prime recovery area. 

By adhering to the nominal sequence, those mission requirements which 
can be satisfied by the CSM alone will be salvaged. 


Enclosure 2 documents a review of the subject document in light of the 
changes in mission rules and mission requirements that have resulted 
since publication of the document. As a result of the review, changes 
in the timelines for general Alternate Missions C, D, and F are recommended, 
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TO : See list lelow 


FROM : H'O/Chief, Lunar Miss on Analysis Branch 


date: JAN 1 P 'i:S9 
69-FM5I-O2 


subject: rtcC requirement for mission F - translunar rnidcourse optimum 
fl, cy options 


The attached document, MSC Ih 69 -FM- 4 , defines program logic for 
three additional options to he added to the current RTCC translunar 
midcourse processor. The options provide the capability for obtaining 
fuel critical solutions to either a specified return longitude or 
to an unspecified earth landing area and also provide for computing 
flyb. solutions from large TLI dispersions. 


)nald L. Berry ^ 
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and Analysis Division 
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date: - *' 1369 

69-PM51-O8 


FROM : FM5/Lunar Mission Analysis Branch 


subject: RTCC requirements for mission (§• - LOI targeting logic 

The attached internal note, MSG IN 69-IM-ll, defines updated program 
logic for targeting of the lunar orbit insertion maneuver. The 
changes or additions to the O' processor include: 

a. Change the tolerances and to 1.0 x 10"^^ and 

0.1^53786 X 10"-^ radians, respectively. 

b. Display the minimum AV to brake coplanar solution for all 
LOI plans generated. 

c. The preflight data parameter, ATBIAS for elliptical lunar 
parking orbit, in the computation of the time of arrival at the 
landing site . 

The attached internal note also contains logic for correcting the 
ignition time for transearth injection and the time to first pass 
over the lunar landing site for varying parking orbit altitudes . 

This logic is not to be implemented for F but vill be considered for 
a later system. 

This IN supersedes 1^/6^11^-173^^ 


Ronald L. Berry 


APPROVED BY: 
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FROM : Fl^/Chief, Lunar Mission Analysis Branch 


69 -BM 5 1-209 


subject: RTCC requirements for Mission H-2 - LOI targeting logic 

The attached document, MSG Internal Note No. 69 -FM-ll, defines changes 
in the formulation for the LOI targeting processors to be incorporated 
in the RTCC system for H-2. 
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The enclosed replacement pages constitute change 2 to MSC Internal 
-Note No, 69-FM-ll. When this change is incorporated into the document, 
that internal note will constitute the detailed RTCC programming require- 
ments for the LOI targeting processor for Apollo 1^ (H-3)» The replacement 
pages reflect the following corrections to the logic: 

1. Allow rotation of target ellipse both forward and "backward in 
every case. 

2. Flight Controller will specify via a MED in which direction 
the ellipse should be rotated. 

5, Miscellaneous corrections to logic. 

These change sheets constitute formal documentation of the program 
changes specified in RTCC Transmittal No. l44ll, dated February 5, 1970* 

MSC Internal Note No. 69-FM-327, which was published as the LOI targeting 
requirements for Apollo 14 (H-3), should now be considered as LOI tar- 
geting requirements for Apollo 15 
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FM2/Chief, Landing Analysis Branch 


subject: 

RTCC requirements for G Mission; Nominal 
descent program logic 

ascent and abort from 


References : 



1. MSC Internal Note 69-FM-I6, "Mission G rec^uirements for the RTCC: 
Nominal ascent and abort from descent," by Veit Hanssen, dated 
January 29, 1969* 

2. TRW IOC 7332.9-255) "Preliminary FP-X flow charts and constants 
list," by B. Burkett, dated January 3? I969. 


This memorandum documents changes required in the LM ascent and abort 
logic for Mission G. The basic logic is documented in reference 1. 
These changes pertain to the logic which simulates the AGS targeting. 
Prior to the release of AGS Flight Program X (reference 2), it was 
assumed that, during each computation cycle, the downrange target 
velocity, (^)> was computed as a function of phase angle and current 
altitude. Iwwever, FP-X logic used predicted altitude, not current 
altitude. These changes also show the calculation of the current 
total acceleration, which was inadvertently omitted in reference 1, 
and a correction in the sign of the effective gravity calculation. 
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subject: RTCC Requirements: Recommended changes to the RTCC reentry subsystem 
to prevent computer interrupts for Mission G 


Reference: MSC Internal Rote Ro. 69”FM-*28^ "RTCC Requirements for 
Missions F and G Reentry Phase," by J, W. Tolin, J. K. Burton, and 
-7. F. Rogers, dated February 6 , 1969* 

This memorandum recommends additional logic necessary to protect againsi 
obtaining computer interrupts in the RTCC reentry subsystem. These 
interrupts are possible during the simulation of the onboard guidance 
equations presented in the reference. 

In particular, it is possible to obtain interrupts caused by negative 
square root functions in the following calculations shown in the 
reference: 

1. The "VL" calculation on page 31 of the reference. 

2. The "E" calculation on page 32 of the reference. 

3. The "VREF" calculation on page 3^ of the reference. 

In addition, an interrupt is also possible in evaluating a negative logg 
in the "ASPUP" calculation on page 32 of the reference. 

To prevent the occurrance of said interrupts, it is recommended that 
just prior to the indicated calculations of "VL, " "E," "VREF," and 
"ASPUP," that the respective arguments using the square root function 
or the loge function be checked for being negative. If any of the 
arguments are negative the program should be changed to immediately 
exit such by a branch to flow chart location " 38 O" on page 38 of the 
reference. 
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landing radar model and DPS engine model. 
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Apollo 11 Operational Abort Plan 


The attached document presents the results of detailed spacecraft 
abort trajectory studies for the Apollo 11 Mission. The data 
enclosed can be used to determine when the limiting flight dynamics 
for safe abort are reached, to determine which abort mode or technique 
is required, and to determine the information on the abort result. 

The data presented demonstrates that an adequate return-to-earth abort 
plan exists for all phases of this mission. 

This document does not include data for contingencies that require LM 
rescue or contingency rendezvous. The aforementioned data can be 
found in the Operational LM Abort and Rescue Plan. 

The attached document is based on a launch vehicle operational tra- 
jectory which was documented on April 25> I 969 . This launch vehicle 
trajectory does not reflect early center engine shutdown in the S-II 
stage. The attached document presents comparisons of input data 
(Vi,Yi,h etc.) between the final F Mission launch vehicle operational 
trajectory and the G Mission launch vehicle trajectory dated April 25. 
The revised G Mission launch vehicle trajectory has Just been received 
and will be used to update the Mode I aborts, the MCC-H plotboards and 
the crew charts . This update will change only the launch aborts in the 
attached report. It is not planned to revise the attached document 
since the launch aborts are but a small part of the document and will 
be updated by memorandum. 

Please direct any questions concerning this document to the Mission 
Planning Support Office, extension 4091. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM- 


July 3, 1969 




CISLUNAR NAVIGATION 
SIGHTING DATA FOR APOLLO 11 
(MISSION G): JULY 16, 1969, LAUNCH 


Mathematical Physics Branch 
MISSION PLANNING AND ANALYSIS DIVISION 

, '-ft 


c. 






• “ (' 


MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-177 


June 30, 1969 


A PERFORMANCESTUDYOF THE ENTRY 
GUIDANCE LOGIC FOR ENTRY INTERFACE 
VELOCITIES OF 25 600 FPS, 25 800 FPS, 
AND 26 000 FPS AND FOR LIFT-TO-DRAG 
RATIO FROM 0.1000 TO 0.2000 


Landing Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 






MANNED SPACECRAFT CENTER 

HOUSTON. TtXAS 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-178 


June 30, 1969 


HYBRID MISSION EFFECTS ON THE LOI 
PHASE OF THE APOLLO 11 (MISSION G) 

ABORT PLAN 


Flight Analysis Branch 

MISSION PLANNING AND ANALYSIS DIVISION 


* c yY 


• : y: 


MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-179 


July 3, 1969 


RTCC REQUIREMENTS FOR 
MISSION H AND 
SUBSEQUENT MISSIONS: 
REENTRY PHASE 



Landing Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 
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UNITED STATES GOVERNMENT 

Memorandum 


TO : Sue list below 


FROM : FM2/Landing Analysis Branch 


subject: Ccrr'^ctiori to RTCC r .'iquirements 



r*tr:T};r;p Divislofl 

date: 2 ; 1969 

69-FM23-224 


Mission H, reentry phase 


Reference: MSG Internal Note 69-FM-179 j "RTCC Requirements for 
Mission H and Subsequent Missions: Reentry Phase,” by J. N, Tolin, 
J. K. Burton, and J. E. Rogers, dated July 3, 1969- 


The enclosed change 
internaJ. note. 


should be incorporated into the above referenced 



•r ‘I 


tay 

Floyd V. Bennett 





John P. Mayer 

Chief, Mission Planning 

and Analysis Division 


The Fligiit Software 


Branch concurs with the above re 




ion. 


James C. Stokes, Jr; 
Chief, Flight Software 



ranch 


Enclosure 


Addressees : 

(See list attached.) 



SOlO-IOtt 


Buy U.S. Savings Bonds Irregularly on the Payroll Savings Plan 


NARA SW Box E157G-36 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-180 


July 1, 1969 


APOLLO 11 (MISSION G) 
SPACECRAFT DISPERSION ANALYSIS 

VOLUME n 
TRANSLUNAR AND 
TRANSEARTH PHASES 


Lunar Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 

* '^4 


’ey* 


I 


MANNED SPACECRAFT CENTER 


HOUSTON. TEXAS 
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CO of EEMSK 

i^*^|j|S NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-181 ^ 

July 1, 1969 

AN EVALUATION OF THE LOI ATTITUDE 
MONITORING PROCEDURE TECHNIQUE 
FOR DISPERSED TRANSLUNAR APPROACH 

HYPERBOLAS 

Flight Analysis Branch 

MISSION PLANNING AND ANALYSIS DIVISION 

•• 1 

MANNED SPACECRAFT CENTER 

^ j 

. - HOUSTON.TEXAS 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-182 


June 26, 1969 


APOLLO 11 (MISSION G) 
MISSION PLANNING BRIEFINGS 



. ' •; 

• C. 

• : 


MISSION PLANNING AND ANALYSIS DIVISION 

m MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-18 


July 2, 1969 




ONBOARD NAVIGATION ACCURACIES 
FOR THE APOLLO 11 (MISSION G) 

RENDEZVOUS 



M a th m a t ic a I Physics Branch 
MISSION PLANNING AND ANALYSIS DIVISIO 


r 


MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-184 


JUNE 30, 1969 


APOLLO 11 (MISSION G) 
SPACECRAFT DISPERSION ANALYSIS 

VOLUME V 

RENDEZVOUS DISPERSION ANALYSIS 



Orbital M I s s i o n A n a I y s i s Branch 
MISSION PLANNING AND ANALYSIS DIVISION 
MANNED SPACECRAFT CENTER 

houston,texas 
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NATIONAL AERONAUTICS AND SPACF^AWlNTStlfATlO N 



MSC INTERNAL NOTE NO. 69-FM-185 


July 2, 1969 


RECOMMENDED ENTRY MONITORING 
AND BACKUP CONTROL PROCEDURES 
FOR APOLLO 11 (MISSION G) 



Landing Analysis Branch j 
MISSION PLANNING AND ANALYSIS DIVISION 
MANNED SPACECRAFT CENTER 


HOUSTON.TEXAS 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-186 


July 3, 1969 


REVISION 1 TO THE SPACECRAFT 
OPERATIONAL TRAJECTORY FOR 
MISSION G (APOLLO 11) 
VOLUME I 

OPERATIONAL MISSION PROFILE, 
LAUNCHED JULY 16, 1969 


S-Lunar Mission Analysis Branch, Landing Analysis Branc|i, 

and Orbital Mission Analysis Branch 

NNING AND ANALYSIS DIVISION 


MISSION P 



MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 



TRAJECTORY DOCUMENTATION CHANGE NOTI El CATION 
MISSIQELRLAISINLNG AND ANALYSIS DIVISION 

isr C3.®31 

COPY 

DO NOT REMOVE date July 9 , 1 969 




MISSION: Apollo 11 (Mission G 


DOCUMENT: MSC I N 69-FM-186 


TITLE:, Revision 1 to the Spacecraft Operational Tra.iectorv for 

Mission G (Apollo 11 ) Volume I - Operational Mission Profile. 


AMENDMENT L 


Launched July 16, I969 


SHORT TITLE OF CHANGE: Corrections and additions. 


CHANGE DESCRIPTION: insert replacement and additional pages indicated on 

the attached list. 


APPROVED BY: ^ 

Ronald L. Berry, Chief 
Lunar Mission Analysi 


a'anch 




Floyd V. Bennett, Chief 
Landing Analysis Branch 





?dgar' C . Lineberry 
Orbital Mission 







Branch 
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ohn P . Mayer , 

Mission Planning and Analysis 
Division 




TRAJECTORY DOCUMENTATION CHANGE NOTIFICATION 
MISSION PLANNING AND ANALYSIS DIVISION 



MISSION: 


Apollo 11 (Mission G) 


DOCUMENT: MSC IN. 


69-FM-186 


TITLE:. Revision 1 to the Spacecraft Operational Trajecto-ry for 

Mission G (Apollo ll) Volume I - Operational Mission Profill 



AMENDMENT i 

SHORT TITLE OF CHANGE:_ Corrections and, additions. 


L CHANGE DESCRIPTION: Insert replacement pages indicated on the attached list. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-187 


July 3, 1969 


ENTRY MISSION PLAN APOLLO 11 
(MISSION G) 




Landing Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-188 
July 3, 1969 , 


OPERATIONAL LM ABORT AND CSM 
RESCUE PLAN FOR APOLLO 11 
(MISSION G) 

VOLUME I 

ABORTS FROM POWERED DESCENT 
AND ASCENT 


Landing Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 



MANNED SPACECRAFT CENTER 

houston.texas 




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE N0.69.FM-173 


June 24 , 1 969 


APOLLO 11 (MISSION G) 
(AS-506/CSM 107/LM-5) 
SPACECRAFT DISPERSION ANALYSIS 

VOLUME I 

NAVIGATION ERROR ANALYSIS 



Mathematical Physics Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 
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TO 

FROM 


UNITED STATES GOVERNMENT 

Memorandum 

: See list 'belo'w 



copy 

DONOTREMiE 


Ifinncd Spacecraft 
Mission Planning & Analysis 

f JUN 3 0 1969 


No., 69-FMI3-367 


Center 

Division 


: FM13/Mission Planning Support Office 
Data Management Group 


subject: Updates to Apollo 11 (Mission G) Crew Charts 


) 


Reference is made to MSC Internal Note No. 69-FM-I9O5 "Apollo 11 
(Mission G) Crew Charts and Console Charts," by the Mission Planning 
Support Office, Data Management Group, dated June 27? 1969‘ 


The purpose of this memorandum is to provide the enclosed page 
changes to the above Internal Note. The changes are as follows: 


Crew 

Chart 

10 

- 

Page 

17 

Crew 

Chart 

11 

- 

Page 

18 

Crew 

Chart 

19 

- 

Page 

27 

Crew 

Chart 

20 

- 

Page 

28 

Crew 

Chart 

21 

- 

Page 

29 

Crew 

Chart 

24 

- 

Page 

32 

Crew 

Chart 

25 

- 

Page 

33 

Crew 

Chart 

26 

- 

Page 

34 

Crew 

Chart 

27 

- 

Page 

35 

Crew 

Chart 

28 

- 

Page 

36 

Crew 

Chart 

29 

- 

Page 

37 

Crew 

Chart 

30 

- 

Page 

38 

Crew 

Chart 

31 

- 

Page 

39 

Crew 

Chart 

32 

- 

Page 

4o 

Crew 

Chart 

33 

- 

Page 

4 i 

LM Crew Chart 6 

- 

Page 

47 


Any questions concerning the enclosed charts should be directed to 
Mike Collins or Buck Simms at HU 3 -^ 907 . 



APPROVED BY: 



JohhJP. Mayer 

Chief, Mission Planning 

and Analysis Division 



Enclosure* 

Addressees : 

See attached list 
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UNITED STATES GOVERNMENT 


Memorandum 


NASA-Mrinned Spacecraft Center 
Mission Planning & Analysis Division 


: See list below 


date: July 3, 1969 
File No. 69-FMI3-378 


: FMI3 /Mis Sion Planning Support Office 
Data Management Group 

: Updates to Apollo 11 (Mission g) Crew Charts 


Reference is made to MSC Internal Note No. 69-FM-I9O, "Apollo 11 
(Mission g) Crew Charts and Console Charts," by the Mission Planning 
Support Office, Data Management Group, dated June 27, I969. 

The purpose of this memorandum is to provide the enclosed crew 
charts as updates to the above referenced Internal Note. The changes 
are as follows : 

Crew Chart 12 Star availability and sighting schedule for 

an abort from lunar orbit for a launch on 
July 16, 1969 j (TEI to TEI plus 40 hours) 
by C. Denham, (Mathematical Physics Branch) 
page 19 

Crew Chart 22-----Star availability and sighting schedule for 

an abort from lunar orbit for a launch on 
July 18, 19693 (TEI to TEI plus 40 hours) 
by C. Denham, page 30 

Crew Chart 27- Star availability and sighting schedule for 

an abort from lunar orbit before noon, G.m.t., 
July 27s for a launch on July 21, I969, (TEI 
to TEI plus 40 hours, lunar horizons) C. Denham 
page 35 

Crew Chart 31 Star availability and sighting schedule for an 

abort from lunar orbit after noon, G.m.t., 

July 273 for a launch on July 21, I969, (TEI to 
TEI plus 40 hours, lunar horizons) by C. Denham 
page 39 

Michael A. Collins, Jr. 

APPROVED BY; 



jlln P. Mayer 
cAJef, Mission Planning 
and Analysis Division 

Enclosures 

Addressees: See attached list 

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan 
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TO 


NITED STATES GOVERNMENT 


Memorandum 


See list below 


FROM : FM13/Mission Planning Support Office 


NASA- Manned Spacecraft Center 
Mission Planning & Analysis Division 

date; ^ ^9 

File No. 69-FMI3-376 


subject: Updates to Apollo 11 (Mission g) Crew Charts 


Reference is made to MSC Internal Note 69-FM-I9O5 "Apollo 11 (Mission o') 
Crew Cha^ta and Console Charts," by the Mission PlainSf sippor^S^Le^ 
Data Management Group, dated June 27, 1969. uiiice. 


The purpose of this memorandum is to provide the enclosed 
updates to Part I of the above referenced internal Note 
are as follows : 


crew chart 
The updates 


Crew Chart 19 — Perllune Attitude Checks at EDI by E. Dupnlok 

(Landing Analysis Branch) page £7 

Crew Chart 3^ ^e-entry Attitude Timeline by J. Harpold 

(Landing Analysis Branch) page 56 A 



Addressees : 

(See attached list) 

FM13:MACollins : sas 


Michael A. Collins, Jr. 






Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan 


NARA SW BoxE157G-37 
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JNITED STATES GOVERNMENT 

NASA* Wanned Spacecraft Center 
Mission Planning & Analysis Division 

: See below DATE: jui_ 1 1 1959 

File No. 69 -FMI 3-396 

FROM : FM13/Mission Planning Support Office 
Data Management Group 

subject: Revision 4 to Apollo 11 (Mission G) Crew Charts 

Reference is made to MSC Internal Note 69-FM-190j "Apollo 11 (Mission 
G) Crew Charts and Console Charts," by the Mission Planning Support 
Office, Data Management Group, dated June 27? 1969' 

The purpose of this memorandum is to provide the enclosed chart as an 
addition to Part I of the above referenced internal note. The revi- 
sion, which has been forwarded to FCSD at KSC to be incorporated into 
the onboard data file, is as follows: 

Crew Chart 2A.... Cutoff velocities recommended for manual 
S-IVB shutdcwns for off-nominal altitudes at earth orbit 
insertion. E. M. Henderson (Flight Analysis Branch), 
page 4A. 

Michael A. Collins, Jr. 


Memorandum 


APPROVED BY: 



Jolirtf P. Mayer 

Chi^fy Mission Planning 

and Analysis Division 


Enclosure 

RPP^j^ 

Addressees : 

(See attached list) 

FM13:MACollins : Ig 
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UNITED STATES GOVERNMENT i 

Memorandum 

TO : See list "below 



FROM : FM13/Mission Planning Support Office 

Data Management Group ^ 

subject: Revision 5 to Apollo 11 (Mission G) Crew Charts 


NASA- Manned Spacecraft Center 
Mission Planning & Analysis Division 

date: JUL 1 4 1963 

File Wo. 69 -FM13 -^01 


Reference is made to MSC Internal Note 69 -FM-I 9 O, "Apollo 11 (Mission G) 
Crew Charts and Console Charts," "by the Mission Planning Support Office, 
Data Management Group, dated June 27, 1969- 

The purpose of this memorandum is to provide the enclosed crew charts 
and console charts as updates to the ahove referenced internal note. 

The updates are as follows : 


Part I 

Crew Chart 2--Listing of planned launch trajectory parameters 
■by E, M. Henderson (Flight Analysis Branch), page k. 

Crew Chart 35--PTC-REFSMMAT in preferred location "based on MPAD 
Spacecraft Operational Trajectory, Rev. 1, page 56 B. 

Crew Chart 36 -- TLI-hurn out +1 min. state vector based on 
MPAD S/C O.T., Rev. 1, page 56C. 

Crew Chart 37--Pre-TEI state vector based on MPAD S/C O.T,, 

Rev. 1, page 

Crew Chart 38 — TEI-burn out + 1 min. state vector based on 
MPAD S/C O.T., Rev. 1, page 56 E. 

Part II 

Console Chart 9--Descent oxygen tank quantities as a function of 
mission time by R. Swalin (Guidance & Performance Branch) page bb. 

Console Chart 10--Ascent oxygen tank quantities as a function of 
mission time by R. Swalin (Guidance & Performance Branch) page 67 . 

Console Chart 11-Descent water tank quantities as a function of 
mission time by R. Swalin (GPB) page 68 . 



Console Chart 12 — Ascent water tank quantities as a function o^ 
mission time by. R Swalin (GPB) page 69 . 

Michael A. Collins, Jr. 


■OIO-M 
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Memorandum 

• See list below 

• FM13/Mission Planning Support Office 

Data Management Group 


\ copy 

DO NOT spacecraft Center 

Mission Planning & Analysis Division 
date; JUL ; 7 1969 

File No. 69-FM13-409 


jECrr: Revision 6 to Apollo 11 (Mission g) Crew Charts 


Reference is made to MSC Internal Note 69 -FM-I 9 O, "Apollo 11 (Mission G) 
Crew Charts and Console Charts," by the Mission Planning Support Office, 
Data Management Group, dated June 27, I 969 . 


The purpose of this memorandum is to provide the enclosed crew charts 
as updates to Part I of the above referenced internal note. The updates, 
which have been forwarded to Mr. Duane Mosel, FCSD at KSC, on July 11, 
19695 to be incorporated into the onboard data file, are as follows: 


CSM Crew Chart 17 — Comparison between the LM and CSM so3.utions 
for CSI maneuver as a function of abort time in powered descent. 
J. Bell, OMAB, page 25 . 

IM Crew Chart k — Comparison between the IM and CSM solutions 
for CSI maneuver as a function of abort time in powered descent. 
J. Bell, OMAB, page 45. 

LM Crew Chart 5-“Comparison between the LM and CSM solutions for 
CDH maneuver as a function of abort time in powered descent — 
first PDI opportunity (assuming CSM performs CSl). 

J. Bell, OMAB, page 46. 

LM Crew Chart 6--Comparison between the IM and CSM solutions for 
CDH maneuver as a function of abort time in powered descent — 
second PDI opportunity (assuming CSM performs CSI). 

J. Bell, OMAB, page 47. 




Michael A. Collins, Jr. 


APPROVED BY: 


^EPP 


Enclosure 


Jolm P. Mayer 
Chi^, Mission Planning 
and Analysis Division 



A Addressees:' (See attached list) 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-191 


July 3, 1969 


REVISION 1 TO THE CONSUMABLES 
ANALYSIS FOR THE 
APOLLO 11 (MISSION G) 
SPACECRAFT OPERATIONAL 
TRAJECTORY 



Guidance and Performance Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


f “ • 

■ “ 


MANNED SPACECRAFT CENTER 

HOUSTON, TEX AS 



TRAJECTORY DOCUMENTATION CHANGE NOTIFICATION 
MISSION PLANNING AND ANALYSIS DIVISION 












DATE July 1$, 1969 


Ml SS I ON: Apollo 11 

DOCUMENT: MSC ll\Ua=EM=i3i 

TITLE:. REVISION 1 TO THE CONSUMABLES ANALYSIS FOB THE APOT.T.n 11 
(mission g) spacecraft operational TRAJEOTORY 


AMENDMENT_i 

SHORT TITLE OF CHANGE: 



CHANGE DESCRIPTION: Insert replacement pages indicated on 

the attached list. 



APPROVED BY 



Marlowe D. Cassetti 

Guidance and Performance Branch 
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^ NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-192 


July 2, 1969 


REVISION 1 TO THE SPACECRAFT 
OPERATIONAL TRAJECTORY FOR 
APOLLO 11 (MISSION G) 
VOLUMNE n 

OPERATIONAL MISSION PROFILE 
TRAJECTORY PARAMETERS, LAUNCHED 

JULY 16, 1969 




^ y ^ w 

Lunar Mission A/f .ysis Branch, 
Orbital Mission Anv-.ysis Branch, 
and 

Landing Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


• m 


- r 


MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-193 
July 7, 1969 


RATIONALE FOR USING THE SATURN 
MONITOR AND ABORT CREW CHARTS 

FOR APOLLO 11 (MISSION G) 


Flight Analysis Branch 

I 

MISSION PLANNING AND ANALYSIS DIVISION 1 



MANNED SPAC ECRAFT CENTER 

HOIJS I ON. 1 EXAS 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-194 


July 7, 1969 


GROUND MONll'TORING OF GUIDANCE 
VELOCITY RESIDUALS DURING 
POWERED DESCENT 


Guidance and Performance Branch 


MISSION PLANNING AND ANALYSIS DIVISION 



■ V 




MANNED SPACECRAFT CENTER 


HOUSTON. TEXAS 



■Ill lift# Itkl will UWIIIIIWlT' 

COPY 

^ DO NOT REMOVE 


Slv.... 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-195 


July 8,1969 


MPAD REPOR 


T oniirnfti 

i uurlu\uL 


DO 

APOLLO 11 
(MISSION G) 

ALTERNATE MISSION PLAN 




Lunar Mission Analysis Branch 
Orbital Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 

» 


MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69- FM- 196 

JULY 8, 1969 


REAL-TIME AUXILIARY 
COMPUTING FACILITY 
APOLLO 11 OPERATIONAL 
SUPPORT TEAM HANDBOOK 




FLIGHT ANALYSIS BRANCH | 
MISSION PLANNING AND ANALYSIS DIVISION 

MANNED SPACECRAFT CENTER 

HOUSTONJEXAS 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-190 


June 27, 1969 


APOLLO 11 (MISSION G) CREW 


CHARTS AND CONSOLE CHARTS 


Mission Planning Support Office 
MISSION PLANNING AND ANALYSIS DIVISION 

^ re? 

c. 



MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-198 


JUNE 30, 1969 


OPERATIONAL SUPPORT PLAN FOR 
THE REAL-TIME AUXILIARY 
COMPUTING FACILITY 
APOLLO 11 FLIGHT ANNEX 


FLIGHT ANALYSIS BRANCH 
MISSION PLANNING AND ANALYSIS ^IVISION 

MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-199 
July 7, 1969 


RTCC REQUIREMENTS FOR APOLLO 11 
(MISSION G) LUNAR FLYBY MODES OF 
THE TRANSLUNAR MIDCOURSE 
CORRECTION PROCESSOR 


Lunar Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 



MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-200 


July 7, 1969 


APOLLO n (MISSION G) SEPARATION 
AND RECONTACT ANALYSIS 
SUMMARY DOCUMENT 


Flight Analysis Branch 

MISSION PLANNING AND ANALYSIS DIVISION 


" c ^ 


MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 



MPAD REPORT CONTROL 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-201 

July 8, 1969 j 

APOLLO 11 (MISSION G) SPACECRAFT 
DISPERSION ANALYSIS VOLUME 2II 

DISPERSION SUMMARY 


Guidance and Performance Branch 
MISSION PLANNING AND ANALYSIS DIVISION 



MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-2^2 
July 8, 1969 


OPERATIONAL SPACECRAFT ATTITUDE 
SEQUENCE FOR MISSION G 



,L 


LUNAR MISSION ANALYSIS BRAN' 
MISSION PLANNING AND ANALYSIS DIVISION 

MANNED SPACECRAFT CENTER 


HOUSTON.TEXAS 






AMENDMENT 

NO. 


Page 


hi: 


DESCRIPTION 

At 98;U8:10 g.e.t., the pitch rate 
increase to 0.5 deg/sec has "been 
deleted. The landmark tracking 
rate of 0.3 deg/sec will he main- 
tained. The maneuver will he 
terminated as before on the AGS 
calibration pitch gimhal angle. 


7/15/69 




PageUf: The AGS calibration attitude has been 

changed to the following CSM 
gimhal angles. 

Pitch: 22.5° 

Yaw: 337.5° 

Roll: 7.5° 

Page 5^: To provide LM high gain communica- 
tions, the LM Jettison will now 
be performed with the CSM pitched 
up U5° with respect to the local 
horizontal at 90 ° longitude. 

This local attitude corresponds 


to the 

following 

gimhal angles 

and look angles. 


IGA: 

25.3° 

0 : 52.7° 

e 

MGA: 

0.0° 

:176.1° 

e 

OGA: 

0.0° 

0 : U3.1° 
s 



^ : 0.3° 








iViSC FORM 306 (JULY 1969) OT 








5nT 

nus iii-^i^y i 


^;:i NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE 69.FM-203 


July 11, 1969 


A ^ 


SEPARATION PROCEDURES FOR 
APOLLO 11 NOMINAL, ALTERNATE, 
AND ABORT MISSIONS 



Flight Analysis Branch 1 

MISSION PLANNING AND ANALYSIS DIVISION 


c 




: :/■ 


MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 


-38 






i<li| siL;ivijy£, 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-204 


July 14, 1969 


APOLLO 10 RTACF POSTMISSION 

REPORT 




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-205 


July 14, 1969 


VERIFICATION OF COMANCHE 55 
ORBITAL NAVIGATION PROGRAM 


Mathmatical Physics Branch 
MISSION PLANNING AND ANALYSIS DIVISION 




MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 



DO NOT REMOVE 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-206 


July 14, 1969 


APOLLO 11 REAL-TIME AUXILIARY 
COMPUTING FACILITY WORK SCHEDULE 



Flight Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISIO 


MANNED SPACECRAFT CENTER 

HOUSTON,TEXAS 



MPAU KtPUKi UUNIKUL 

V gupY 

^ NOT REM 

NATIONAL AERONAUTICS AND^PACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-207 

1 

July 14, 1969 

OPERATIONAL SUPPORT PLAN FOR THE 
RTACF APOLLO 11 TRAJECTORY 
SUPPORT CHIEFS PROCEDURES 
HANDBOOK 

Flight Analysis Branch 

MISSION PLANNING AND ANALYSIS DIVISION 1 



MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 




^ ^ 3 i 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-208 

July 14, 1969 


REVISION 1 TO THE 
APOLLO n (MISSION G) 
SPACECRAFT DISPERSION ANALYSIS 

VOLUME n 

TRANSLUNAR AND TRANSEARTH PHASES 


Lunar Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 





MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 




MPAD REPORT CONTROL 
Cl 


DO NO' 


NATIONAL AERONAUTICS AND SPA^IE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-209 


July 14, 1969 


APOLLO 11 


LUNAR TRAJECTORY NOTES 



MISSION PLANNING AND ANALYSIS DIVISION 

♦ ^^4 




TRAJECTORY DOCUMENTATION CHANGE NOTIFICATION 
MISSION PLANNING AND ANALYSIS DIVISION 


MPM REPORT COMIROl 
COPT 

DO NOT REMOVE 


UATE f/17/69 


MISSION: Apollo 11 


DOCUMENT: MSC IN_ 


69-FM-209 


TITLE:_ Apollo 11 Lunar Tra.iectorv Notes 


AMENDMENT i 

SHORT TITLE OF CHANGE: Corrections 


CHANGE DESCRIPTION: 

Insert replacement page as indicated on the attached list. 



MSC FORM 295 (JULY 1969) OT 


NARA SW Box E157G-38 



TRAJECTORY DOCUMENTATION CHANGE N 

MISSION PLANNING AND ANALYSIS DIVISION 




I'jATF 7 /30/69 


MISSION: G 

DOCUMENT: MSC I N 69-FM-209 

TITLE:. Aipollo 11 Lunar Trajectory Notes 


AMENDMENT f 

SHORT TITLE OF CHANGE: correction 


CHANGE DESCRIPTION: Insert replacement page indicated on the attached list. 


APPROVED BY: 

John P. Mayer, Chief 

Mission ^’lanning and Analysis 

Division 




MSC FORM 295 (JULY 1969) OT 


NARA SW Box E157G-38 


MPAD REPORT CONTROL 

CePY , 
DO NOT REIOVE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-197 


July 3, 1969 


REVISION 1 TO 

VIEWS FROM THE CM AND LM 

DURING THE FLIGHT OF APOLLO 11 

(MISSION G) 


Flight Analysis Branch 

MISSION PLANNING AND ANALYSIS DIVISION 

' t e** 



MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 



MPAD REPORT CONTROL 
COPY 

DO NOT REH 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-214 

July 22, 1969 1 


SOLAR AND ATMOSPHERIC 
PERTURBATIONS TO THE ORBIT OF A 
SATELLITE OF EITHER MARS OR VENUS 


Advanced Mission Design Branch 
MISSION PLANNING AND ANALYSIS DIVISION 



MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 




IViid t'kLi’ iliid^a U-.i.’ia x^-ijs‘l 3 Sk^ Lf 



e 


^ I'^^iVsUu 


ii^%3tj;-: NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-215 


July 23, 1969 


A SURVEY OF 30-DAY 
STAYTIME ORBITAL MISSIONS 
TO VENUS (1972-2000) 



Advanced Mission Design Branch 

MISSION PLANNING AND ANALYSIS DIVISION 

*• '* 1 ' 

' ' «iT 



MANNED SPACECRAFT CENTER 

HOUSTON,TEXAS 



n'?£"! C3IIS31 







NATIONAL AERONAUTICS AN fr*JS^Afce*^'bfWfN ISTRATIO N 

MSC INTERNAL NOTE NO. 69-FM-216 
July 24, 1969 


A SOLUTION TO THE CONSTRAINED 
ALTITUDE PLANETARY FLYBY PROBLEM 
USING THE WEIGHTED LEAST SQUARES 
ITERATION TECHNIQUE 



Advanced Mission Design Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-217 

July 30, 1969 

p-r 

a 1. 




V 


p- ^ r • ' 

MW Law 


CISLUNAR NAVIGATION SIGHTING 

DATA FOR 

APOLLO 11 (MISSION G) 

JULY 18, 1969 


Mathematical Physics Branch 
MISSION PLANNING AND ANALYSIS DIVISION 

MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 





NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM.219^ 

August 1 , 1 969 

LANDING DISPERSION FOR A 
CONSTANT 4g REENTRY 


Landing Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 



MANNED SPACECRAFT CENTER 

HOUSTON.! EXAS 



NATIONAL AERONAUTIC.S AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM.220 
Au gust 4, 1 969 


RECOMMENDED LOI PROCEDURES FOR 
HYBRID LUNAR MISSIONS 


Flight Analysis Branch 

MISSION PLANNING AND ANALYSIS DIVISION 

MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-221 


August 8, 1969 


PRELAUNCH GO/NO-GO 
COMPUTATIONS FOR THE 
APOLLO n MISSION 


Flight An a ly s i s 


Branch 


MISSION PLANNING AND ANALYSIS DIVISION 



MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 




'■ .yj 


NATIONAL AERONAUTICS AND SPACE AT^fl^i^T^Al^ 

MSC INTERNAL NOTE NO. 69-FM-222 


August 11, 1969 


PREDICTED LAUNCH ABORT 
LANDING POINT DATA 
COMPUTED FOR APOLLO 11 




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-224\ 
August 1 2, 1 969 

SWITCHING LOGIC AND STEERING 
EQUATIONS FOR MULTIBURN 
EARTH ESCAPE MANEUVERS 

Advanced Mission Design Branch 
MISSION PLANNING AND ANALYSIS DIVISION 'l 

\ 

MANNED SPACECRAFT CENTER 

HOUSTON,TEXAS 







IViriiy HtFOKI UUNIKia, 

OOP? 

DO NOT mmi 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-225 


August 13, 1969 


LOGIC AND EQUATIONS FOR THE 
REAL-TIME CALCULATIONS OF THE 
POWERED DESCENT ABORT CONSTANTS 


Orbital Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


t. 


^ Si 


MANNED SPACECRAFT CENTER 

HOUSTONJEXAS 




NASA - Manned Spacecraft Center 


RELEASE APPROVAL 




ype ot Document 

SkMt to IrtirMl Mit# 


entif ication 




3. FROM: 

Division MlMlon PlAnalng and kamlymiM 
Branch OrMtal NiMlra Analirsis 


• Subject FOR THl REAL-TIME 

CALCULATIOHS 07 THS POtfEBET} DSSCEHT ABORT COSSTAaTS 


5 . Author(s) 

BraMt M. md8« 


. Distribution 


Addressees 



§— Xi«t 




/f/S/ <, y 

1 0:1^^ 


Date of Paper 

OrttrtMT 27. 1969 


Special Hand) ing 
Methods 



□ This is a change to distribution on Release Approval dated, 

I 1 This is an addition to distribution on Release Approval dated, 


. Signature of Brancn Heac 


Signature of Division Chie 


i rector or Program Manager iDate 


ange or Addition made by 



9 . Location of Originals: 


MSC Form 199 (Rev Dec 63 


-39 















i'niJ i', 


K- "'-"I; 


j I 


i; NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-226 , 


AUGUST 19, 1969 


MISSION CAPABILITIES OF 
MSC SHUTTLE 



MISSION PLANNING AND ANALYSIS DIVISION 




c. 


*cyt i 

: .(j 


MANNED SPACECRAFT CENT 

HOUSTON. TEXAS 


OX El 


-39 




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-227 


September 23, 1969 


GUIDANCE ANALYSIS OF ENTRY 
CORRIDORS FOR AERODYNAMIC 
BRAKING INTO ORBIT AROUND 
MARS OR VENUS 


Advanced Mission Design Branch 


MISSION PLANNING AND ANALYSIS DIVISION 


*. r #.? 



: / 


MANNED SPACECRAFT CENTER 

houston,texas 





f! : ’ i £ X 


nSSJ;:; NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-228 


AUGUST 26, 1969 


ANALYTIC FORMULATION OF THREE 
WEDGE ANGLE CONSTRAINTS 
IN TRAJECTORY STUDIES 



Mathematical Physics Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 



NATIONAL AERONAUTICS AND SPACE ADMIKlSTR^^TTO N 

MSC INTERNAL NOTE NO. 69-FM-229 


August 28, 1969 


APOLLO APPLICATIONS PROGRAM 
TWO-AND-ONE-HALF-STAGES-TO-ORBIT 
TRACKING ANALYSIS 


Guidance and Performance Branch 
MISSION PLANNING AND ANALYSIS DIVISIO 

* ♦f 

* c. 





MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 




.H' 3 

CO L^iiO RLk^^OlrE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-230 


August 28, 1 969 

. 


CSM BATTERY CHARGER MODEL 


Guidance and Performance Branch 
MISSION PLANNING AND ANALYSIS DIVISION 



MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 





ifirAu ncruni buninUL 

COPY 

DO NOT REMOVE 

PESSSS NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-231 
August 29, 1 969 | 

AAP INVERTER MODEL 

Guidance and Performance Branch ^ 
MISSION PLANNING AND ANALYSIS DIVISION 

' v'% 

MANNED SPACECRAFT CENTER 

• " (^W HOUSTON. TEXAS 




Mfflu Ktpom eomiioi 
V copy 

DO NOT IIEMOVE 


VKi:- NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-232 


September 2, 1969 


DESCRIPTION OF APOLLO GUIDANCE 
ANALYSIS STATISTICAL TRIALS PROGRAM 


Orbital Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


3 


MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 













ii i. 


r: 

s ■!• * >> 

7. -la >4-^ 




3ES1;:: national aeronautics and space administration 


MSC INTERNAL NOTE NO. 69-FM-233 


September 2, 1969 


PRELIMINARY APOLLO 12 (MISSION H-1) 


TRAJECTORY DATA 


Lunar Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


c. *. 

■» ft. 




MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 


-39 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-234 

October 13,1 969 


AN OPTIMAL, ANALYTIC SOLUTION 
TO THE LINEAR-GRAVITY, 
CONSTANT-THRUST 
TRAJECTORY PROBLEM 


Advanced Mission Design Branch 
MISSION PLANNING AND ANALYSIS DIVISION 



MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 




, r> . .. , - 

I'.m'':-., UW kliii^^iclir i lU 

NATIONAL AERONAUTIC'S AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-235 


September 3, 1969 


CRYOGENIC GAS QUANTITY 
TABLES FROM PRESSURE - 
TEMPERATURE DATA 



Guidance and Performance Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 



aarm KtroHi 

^ mn 

DO NOT REMOVE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE N0.69-FM-2^6 


September 10, 1969 


APOLLO 9 ENTRY 
POSTFLIGHT ANALYSIS 




MPAD REPORT CONTROL 
COPY 

00 NOT REMOVE 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-237 


O cto be r 24, 1969 


OPERATIONAL USE OF QUATERNIONS 
IN THE DESCRIPTION OF RIGID 
BODY MOTION 


Mathematical Physics Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


c 


c 




• : / 


MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 



MPAD REPORT CONTROL 
COPY 

00 NOT REMOVE 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-237 


October 24, 1969 


OPERATIONAL USE OF QUATERNIONS 
IN THE DESCRIPTION OF RIGID 
BODY MOTION 


Mathematical Physics Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


c. 

*1 


c 




• : (■. 


MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 




DO kyS 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-i38 


I 


September 10, 1969 


APOLLO LUNAR TRACKING 
COVERAGE FOR 1970 



Lunar Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISI 


(|n 


MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 




\ 


DO NOT REMOVE 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-239 


Octo ber 23, 1969 


RTCC REQUIREMENTS FOR 
MISSION H PROGRAM 
FOR COMPUTATION OF LM IMU 
TORQUING ANGLES WITH THE LM AND 
CSM IN THE DOCKED CONFIGURATION 


Guidance and Performance Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


'ty' 


• : ./ 

I 


MANNED SPACECRAFT CENTER 

HOUSTON.! HXAS 



00 riLIjilsid 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM.213 
August 4, 1969 . 


SUMMARY OF SATURN IB 
WORKSHOP TRAJECTORY ANALYSES 


Orbital Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 



MANNED SPACECRAFT CENTER 


\ 


HOUSTON. TEXAS 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-241 


September 18, 1969 


AAP LM-ATM DECOUPLED 
MISSION STUDY 


Orbital Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


■m 


MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 




MrAU KtrUKi buninuL 

COPY 

DO NOT REMOVE 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-242 


September 15, 1969 


SPACECRAFT OPERATIONAL 
TRAJECTORY FOR 
APOLLO 12 (MISSION H-1) 
VOLUME II 

OPERATIONAL MISSION PROFILE 
TRAJECTORY PARAMETERS, 
LAUNCHED NOVEMBER 14, 1969 



^0 



MPAD REPORT CONTROL 
COPY 

DO NOT REMOVE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-243 
October 21, 1969 


APOLLO PORTABLE LIFE SUPPORT 
SYSTEM COMPUTER SIMULATION 

PROGRAM 


Guidance and Performance Branch 
MISSION PLANNING AND ANALYSIS DIVISION 



MANNED SPACECRAFT CENTER 

HOU SION. TEXAS 




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-244 


September 19, 1969 


APOLLO LUNAR TRACKING 


COVERAGE FOR 1971 


Lunar Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 




MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 




\ 


1 
■i 




m r;f5T 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-245 
SEPTEMBER 22, 1969 


TASK MONITOR’S HANDBOOK 


Mission Planning Support Office 
MISSION PLANNING AND ANALYSIS DIVISION 



• : .(■ 


MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 



r::— -T 

M iLJ ’ 




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

R: MSC INTERNAL NOTE NO. 69-FM-246 


September 22, 1969 


PARAMETRIC ANALYSIS OF MSFN 
STATION COVERAGE FOR 
VARIOUS ORBITAL INCLINATIONS 



Orbital Mission Analysis Branch 


MISSION PLANNING AND ANALYSIS DIVISION 


■ f U 
• : 


MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 


^0 



nil tw 11 


COPY 


lit 


DO NOI REMOVE 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-247 
November 21, 1969 


APOLLO 8 LANDMARK 
TRACKING GEOMETRY 



Mathematical Physics Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


m 


MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 


^0 





imrAU mmi uuiiikul 

COPY 

DO NOT REMOVE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-248 

September 25, 1969 1 

SPACECRAFT OPERATIONAL TRAJECTORY 
FOR APOLLO 12 (MISSION H-1) 
VOLUME I 

HYBRID MISSION PROFILE LAUNCHED 
NOVEMBER 14, 1969 

Lunar Mission Analysis Branch, 

Landing Analysis Branch, 
and 

Orbital Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS BRANCH \ 

■ m 

*c g 


MANNED SPACECRAFT CENTER 

HO IjSTON.T HXAS 




MPAD 




Cn>i/ 

bii 


DO NOT REMOVE 


SJ;:; NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-240 


September 11, 1969 


ABORT RESET POINTS FOR APOLLO 12 

(MISSION H-1) 



Flight Analysis Branch 


MISSION PLANNING AND ANALYSIS DIVISION 


' ^ 1 

/ * ft 

-.vv SI 


: jt: 


MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 


^0 




1 -. . ■ - - 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-250 


September 25, 1969 


RTCC REQUIREMENTS FOR APOLLO 12 
(MISSION H-1) TRANSLUNAR 
INJECTION PROCESSOR 



(This revision supersedes MSC Internal Note 
No.'l 69-FM.132 dated June 5, 1969.) 


Lunar Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


MANNED SPACECRAFT CENTER 

houston,texas 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-251 


SEPTEMBER 26, 1969 




) 


APOLLO n RTACF POSTMISSION REPORT 



Flight Analysis Branch 

MISSION PLANNING AND ANALYSIS DIVISION 


MANNED SPACECRAFT CENTER 

houston,texas 






DO KOf Esra 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-252 

1 

APOLLO 8 ENTRY 
POSTFLIGHT ANALYSIS 

.. Landing Analysis Branch 

MISSION PLANNING AND ANALYSIS DIVISION 

■ ^ MANNED SPACECRAFT CENTER 

: HOUSTON. TEXAS 

:U' 


1571 




' CO L- 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-253 
September 24, 1969 

APOLLO LUNAR TRACKING 
COVERAGE FOR 1970 

(This internal note supersedes MSC IN 69-FM-238 
dated September 10, 1969) 

Lunar Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 



) 

/ 


) 


MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 


W REPORT CGMfROL 

COPY 

Da NOT liEMOVE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-254 
September 30, 1969 1 


APOLLO LUNAR TRACKING 
COVERAGE FOR 1972 


Lunar Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISIOfN 



MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 





00 fiOT L't/iO/E 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-255 


October 23, 1 969 


RTCC REQUIREMENTS FOR THE 
LOI BURN GO/NO-GO PROCEDURE 



Guidance and Performance Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


• : d 


MANNED SPACECRAFT CENTER 

HOUSTON. ! HXAS 



OX E157 




tiid tf i. 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-256 


OCTOBER 7, 1969 


MINIMUM FLIGHT TIME AND FEASIBILITY 
OF MULTIPLE ORBIT TRANSFERS 
BETWEEN EARTH AND MARS AND 
BETWEEN EARTH AND VENUS 


Advanced Mission Design Branch \ 

MISSION PLANNING AND ANALYSIS DIVISION 
, 1 



MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-257 


October 1 4, 1 969 


OPERATIONAL ABORT PLAN FOR 
APOLLO 12 (MISSION H-1) 

VOLUME II 

EARTH PHASE 



Flight Analysis Branch 

t 

MISSION PLANNING AND ANALYSIS DIVISIOhji 

MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-258 
Octo ber 1 4, 1 969 1 


COMPARISON OF PARALLEL AND 
TANDEM STAGING OF NUCLEAR 
ORBITAL LAUNCH STAGES FOR 
INTERPLANETARY DEPARTURE 


Advanced Mission Design Branch 
MISSION PLANNING AND ANALYSIS DIVISION 



MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-25 


October 14, 1969 


1 


OPERATIONAL ABORT PLAN 
VOLUME IV 

RETURN TO EARTH SUMMARY 



Flight Analysis Branch 

MISSION PLANNING AND ANALYSIS DIVISION 


MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-260 


October 14, 1969 


APOLLO 12 (MISSION H-1) 
SEPARATION AND RECONTACT 
ANALYSIS SUMMARY DOCUMENT 


Flight Analysis Branch 

MISSION PLANNING AND ANALYSIS DIVISION 


MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-261 


October 13, 1969 


OPERATIONAL ABORT PLAN FOR 
APOLLO 12 (MISSION H-1) 

VOLUME I 


LAUNCH PHASE 


Flight Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE 69-FM.262 

OCTOBER 14, 1969 1 

SEPARATION PROCEDURES FOR 
APOLLO 12 NOMINAL, ALTERNATE, 
AND ABORT MISSIONS 


Flight Analysis Branch | 

MISSION PLANNING AND ANALYSIS DIVISION 



MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 



f 




NATIONAL AERONAUTICS AND SPAC 


MSC INTERNAL NOTE NO. 69-FM-263 


OCTOBER 17, 1969 


OPERATIONAL ABORT PLAN FOR 
APOLLO 12 (MISSION H-1) 
VOLUME m 
LUNAR PHASE 



Flight Analysis Branch 

MISSION PLANNING AND ANALYSIS DIVISION 


MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 



MPAD REPORT CONTROL 

COPY 

DO NOT REM 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-264 


October 17, 1969 


VIEWS FROM THE CM AND LM DURING 
THE FLIGHT OF APOLLO 12 (MISSION H-1) 


Flight Analysis Branch 

MISSION PLANNING AND ANALYSIS DIVISION 

■ 

MANNED SPACECRAFT CENTER 

. - HOUSTON, [ EXAS 




DO NOT REWE 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM.,2l65 


Octo be r 1 4, 1 969 


APOLLO 12 (MISSION H-1) 
(AS-507/CSM 108/LM-6) 
SPACECRAFT DISPERSION ANALYSIS 

VOLUME I 

NAVIGATION ERROR ANALYSIS 


Mathematical Physics Branch 
MISSION PLANNING AND ANALYSIS DIVISION 



MANNED SPACECRAFT CENTER 
houston.texas 



MPAD REPORT CONTROL 


DO NOT REMOVE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-266 
October 28, 1969 [ 


REVISION 1 TO THE SPACECRAFT 
OPERATIONAL TRAJECTORY FOR 
APOLLO 12 (MISSION H-1) 
VOLUME I 

HYBRID MISSION PROFILE 
LAUNCHED NOVEMBER 14, 1969 


Lunar Mission Analysis Branch, 

Landing Analysis Branch, 
and Orbital Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 

' r 

MANNED SPACECRAFT CENTER 

HOUSl ON. I EXAS 




MISSION: 


TRAJECTORY DOCUMENTATION CHANGE NOTIFICATION 
MISSION PLANNING AND ANALYSIS DIVISION 


£=1 



DATE, No vem'ber T . 1969 


DOCUMENT: MSC I N 69-FM-266 


TITLE:_ Revision 1 to the Spacecraft Operational Trajectory for 

Apollo 12, Volvime I - Hybrid Mission Profile Launched 
Novem'ber ih, I 969 

AMENDMENT_i 

SHORT TITLE OF CHANGE: corrections and additions 


CHANGE DESCRIPTION: 


Insert replacement pages indicated on the attached list. 


A "black bar in the margin 
indicates area of change. 


APPROVED BY: 




Ronald L. Berry, Chief 
Lunar Mission Analysis Branch 




DATE: 




Ploy^^vV Bennett, Chief 
Landing Analysis: Branch 




iMUt- 




.-^<\^Edgar C. Lijfteherry, Chief | 

^ Orbital Mission Analysis Branch 


JX- H. 

John PL Mayer, Chief ^ 
Mission Planning and ilnalysii 


Division 


MSC FORM 295 (JULY 1969) OT 





iwi 

DO MOT kill 


TRAJECTORY DOCUMENTATION CHANGE NOTIFICATION 
MISSION PLANNING AND ANALYSIS DIVISION 


DATE 13, 1969 


MISSION: Apollo 12 (H-1' 



CHANGE DESCRIPTION: Insert replacement pages indicated on the attached list. 

A black bar in the meirgin indicates the area of change. 




MSC FORM 295 (JULY 1969) OT 


Johd^. Mayer, Clfeef 
Miss^n Planning and 
Analysis Division 



MPAD REPORT CONTROL 
COPY 

DO NOT REMOVE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-267 


October 24 , 1969 


ENTRY MISSION PLAN - 
APOLLO 12 (MISSION H-1) 



Landing Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-24^ 
December 17, 1969 


ACCURACY OF PARTIAL REVOLUTION 
LUNAR ORBIT TRAJECTORY SOLUTIONS 


Mathematical Physics Branch 
MISSION PLANNING AND ANALYSIS DIVISION 




c. 






MANNED SPACECRAFT CENTER 

HOUSTON,TEXAS 




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-271 


Octo ber 24, 1 969 


RECOMMENDED ENTRY MONITORING 
AND BACKUP CONTROL PROCEDURES 
FOR APOLLO 12 (MISSION H-1) 




Landing Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


MANNED SPACECRAFT CENTE 

HOUSTON, TEXAS 




MPAS nsr csm 


spy 


DS l!sr REMGVE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-272 


October 15, 1969 


APOLLO 12 (MISSION H-1) 
CREW CHARTS 


Mission Planning Support Office 
MISSION PLANNING AND ANALYSIS DIVISION 



■ : <: 


MANNED SPACECRAFT CENT ER 

HOUSTON, I t,\ AS 



OPTIONAl. FORM NO. 10 

MAY IMZ EOmON 

GSA PPMR (41 CFr) lOI'll.S 




UNITED STATES GOVERNMENT 


ii-' ti 3 


Memorandum DO ^OT " 


,.r;. 


See list ’below 


date: 


OCT 2 7 1969 


File No. 69-FMI3-536 


FROM 





FM13/Mission Planning Support Office 
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Amendment 1 to Apollo 12 (Mission Hi) Crew Charts 

Reference is made to MSC Internal Note No. 69-FM-272, "Apollo 12 
(Mission Hi) Crew Charts," "by the Data Management Group, Mission 
Planning Support Office, dated October 15, I969, 
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Nominal LOI 30-minute DPS abort — C. Foggatt, 
FAB/MPAD, page 5 . 





CSM Crew Chart 5-3 Star unit vector--C. Denham, MPB/MPAD, page 12. 
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Comparison between IM and CSM solutions for CSI 
maneuver as a function of abort time in powered 
descent---A. Dupont, OMAB/MPAD, page I 5 . 

Comparison between the LM and CSM solutions for 
CSI maneuver as a function of abort time in 
powered descent--A. Dupont, OMAB/MPAD, page 20. 

Powered descent maneuver chart — B. Taylor, LAB/MPAD, 
page 22. 

Ascent maneuver chart--D. Payne, LAB/MPAD, page 23. 

Planet half -unit vectors for a launch on November l4, 
1600 hr. G.m.t.--J. Blucker, MPB/MPAD, page 24. 

Planet half -unit vectors for a launch on November l4, 
1600 hr. G.m.t.--J. Blucker, MPB/MPAD, page 25. 

Planet half -unit vectors for a launch on November I6, 
1900 G.m.t.--J. Blucker, MPB/MPAD, page 26. 

Perilune Altitude checks at PDI--B. Taylor, LAB/MPAD, 
page 32. 

LM RCS propellant profile--S. Mayfield, GPB/MPAD, 
page 34. 
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Crew Charts," by the Data Management Group, Mission Planning Support 
Office, dated October 15, 1969» 
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as Amendment 2 to the above referenced internal note. The amendments 
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Gimbal angles for observing LM ascent stage through 
rendezvous windows following IM Jettison--E. Prahl/ 

C. Fraley, FAB/MPAD, page 97 . 

LM RCS Propellant Profile--S. Mayfield, GPB/MPAD, 
page 34 . 


LM Crew Chart 10 LM -6 total spacecraft current--M. Alexander, 

GPB/MPAD, page 35. 
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LM -6 descent stage amp hours remaining--M. Alexander, 
GPB/MPAD, page 36 . 

IM -6 ascent stage amp hours remaining — M. Alexander, 
GPB/MPAD, page 37 , 

Descent oxygen tank quantities as a function of 
mission time--R. Swalin, GPB/MPAD, page 38 . 
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mission time--R. Swalin, GPB/MPA4 page 39 . 
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Nominal LOT SO-minute DFS abort for a November l^i 
launch date--C. Foggatt,3'AB/MPAD, page 5- 

Pre-entry attitude timeline--!. Harpold, LAB/MPAD, 
page l4 . 

Rules for a do-it-yourself sighting schedule-- 
C. Kauffman, MPB/MPAD, page 91. 

Nominal LOI 30-minute DPS abort for a November I 6 
launch date--C. Foggatt, FAB/MPAD, page 98 . 

Ili -6 total spacecraft current--M. Alexander, GPB/ 
MPAD, page 35. 

LM-6 descent stage amp hours remaining--M. Alexander, 
GPB/MPAD, page 36 . 
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GPB/MPAD, page 37. 
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subject: Amendment 4 to Apollo 12 (Mission Hi) Crew Charts 


Reference is made to MSC Internal Note 69-FM-272, "Apollo 12 (Mission Hi) 
Crew Charts," by the Data Management Group, Mission Planning Support 
Office, dated October 15 j 1969* 


The purpose of this memorandum is to provide the enclosed crew chart 
as amendment 4 to the above referenced internal note . The amendment 
is as follows : 

LM Crew Chart 9 RCS propellant profile — S. Mayfield, GPB/MPAD, 

page 34. 
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charts as amendment 5 "to the above referenced internal note. The 
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Hi Crew Chart 3 Powered descent maneuver chart --B. Taylor, 

LAB/MPAD, page 22. 

LM Crew Chart 4 Ascent maneuver chart~-D Payne, LAB/MPAD, 

page 23. 

LM Crew Chart 5-4 Planet half -unit vectors for a launch on 

November 16, 19OO hr. (lunar surface ref.)-- 
J. Blucker, MPB/MPAD, page 29. 
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subject: Amendment 6 to Apollo 12 (Mission Hi) Crew Charts 

Reference is made to MSC Internal Note 69-FM-272j "Apollo 12 (Mission Hi) 
Crew Charts," by the Data Management Group, Mission Planning Support 
Office, dated October 15? 1969* 


The purpose of this memorandum is to provide the enclosed crew charts 
as amendment 6 to the above referenced internal note. The amendments 
are as follows : 


LM Crew Chart 4 Ascent maneuver chart for November l4 launch-- 

D, Payne, LAB/MPAD, page 23- 

LM Crew Chart 20 Manual abort from powered descent for November l4 

launch--V. Hanssen, LAB/MPAD, page 99- 


LM Crew Chart 21 Powered descent maneuver chart for November l6 

launch--B. Taylor, LAB/MPAD, page 100. 

LM Crew Chart 22 Ascent maneuver chart for November l6 launch- - 

D. Payne, LAB/MPAD, page 101. 
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Crew Charts," by the Data Management Group, Mission Planning Support 
Office, dated October 15? 1969' 

The purpose of this memorandum is to provide the enclosed crew charts 
as amendment 7 to the above referenced internal note. The amendments 
are as follows : 


CSM Crew Chart 19 Loss of conmiuni cat ions navigation procedures 

for abort from translunar coast at 8:00 hrs. 
GET for a November l6 launch--C. Kauffman, 
MPB/MPAD, pages 102-106. 


CSM Crew Chart 20 


CSM Crew Chart 21 


Loss of communications navigation procedures 
for abort from lunar orbit for a November l6 
launch--C. Kauffman, MPB/MPAD, pages 107-115. 

Loss of communications navigation procedures 
during nominal transearth trajectory for a 
November l6 launch --C. Kauffman, MPB/mpAD, 
pages 116 - 120 . 


CSM Crew Chart 22 


LM Crew Chart 23 
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Star half --unit vectors--!. Blucker, MPB/MPAD, 
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date: NOV 4 19$9 


: F?VChief, Mission Planning and Analysis Division 


69-FM74-31O 


CT. Revision 1 to the consuma'bles analysis supporting the operational trajectory 


References 


1. MSG Internal Note No. 69-NM-2T3 j " Cons-omahles Analysis for the Apollo 12 
(Mission H-l) Spacecraft Operational Trajectory," dated. Oct. 24, I 969 . 

2. FCSD. document, "Final Apollo 12 Flight Plan (AS- 5 OT/CSM-IO 8 /LM- 6 )," 
dated Oct. I 5 , I 969 . 


Purpose 

The purpose of this memorandimi is to update the consumahles analysis which 
supported the operational trajectory (reference l). 

Summary 

The loaded consijmahles for Apollo 12 are adequate to support the nominal 
mission. 

Discussion 


The following table, notes, and figures reflect the current consumable 
margins for Apollo 12. The data in the table does not alter the margin 
found in reference 1 unless they are so indicated by a note. The notes 
following the table briefly provide the rationale supporting the changes. 
Finally, the figures following the notes pictorially describe the consumables 
usage as a function of ground elapsed time. 

Pertinent assumptions concerning the individual analysis, other than those 
found in the various notes, may be obtained from reference 2. This document 
describes the biases, dispersions, and unusables associated with each sub- 
system in a considerable amount of detail. Any questions pertaining to the 
consumables information found in reference 2 or this memorandum should be 
directed to the Consumable Analysis Section (Martin L. Alexander, Apollo 12 
Consumable Coordinator). 






DATE : ])~ 2^ 


Buy U.S. Savings Bonds Kegularly on the Payroll Savings Plan 


NARA SW Box E157G-42 


■FH nu i\Lrm^ UUiiHlyL 

^DONOTIMOIIE 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69.FM-275 
October 31, 1969 


APOLLO 12 (MISSION H-1) SPACECRAFT 
DISPERSION ANALYSIS 
VOLUME m 

DESCENT AND ASCENT 
DISPERSION ANALYSES 
PART 1 - LUNAR DESCENT 



Landing Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 



CHANGE SHEET 






Uibi 

CHANGE SHEET copy 

DO NOT REMOVE 

MSC INTERNAL NOTE 69-EM-2T5 DATED OCTOBER 31, I 969 
APOLLO 12 (mission H-1 ) SPACECRAFT DISPERSION ANALYSIS 
VOLUME IV - DESCENT AND ASCENT DISPERSION ANALYSES, PART 1 - LUNAR DESCENT 
By Gilbert L. Carman and Moises N. Montez 
Change 1 
Novemher T, 1969 



Floyd Bennett, Chief 
Landing Analysis Branch 



Page 1 of 9 
(with enclosures) 


NOTE: A black bar .in the margin indicates the area of change. 

After the attached enclosures, which are replacements, have been inserted, 
place this CHANGE SHEET between the cover and title page and write on the 
cover "CHANGE 1 inserted". 

1. Replace pages 1, 10, 11, and 23. 






N0I1O3S SNOI1VH3<IO NO 1 108 I HIS I 0/ 98 Wa 


NASA - Manned Spacecraft Center 
RELEASE APPROVAL 


Klii 


ocument 

leA^_ Miwfti for 


entifi cation 


Pages 


3. FROM: 

Division Planning and Analyala 

I**^i*« Analysis 

♦ . Title or Subject ,,7 I 7^ section j— 

APOtXO 12 (Missies B-1) SPACBCRAfT DI3FIR8I0« 

AHAltSIS, TOLOMB IT - D!gSC ETO A’ ^ ASTHaT DIDPEKilor ASALTSSS. tovoabar 7, 1969 



Number o 
Copies 


. Distribution 


Addressees 


Special Handling 
Methods 


8m attaohad Hat 


///, 3/^.9 


L- I This is a change to distribution on Release Approval dated, 

I 1 This is an addition to distribution on Release Approval dated, 

7T Signature of Branch Head |SignatUn^noif b[gn«i^s9jbn Chief [Date 

John P. Mayer NOV l S 1969 


I rector or Program Manager iDate 


I t ion made by 
9. Location of Originals; 


MSC Form 199 (Rev Dec 63) 


NARA SW Box E157G-42 








MPAD REPORT CONIROl 


m DONOTREIME 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-276 


October 31 , 1 969 


ADVANCED LUNAR EXPLORATION 
MISSION PLAN UTILIZING A POLAR 
ORBITING LUNAR SPACE STATION 



Advanced Mission Design Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


c 




MANNED SPACEt RAFT CEN l ER 
nous I ON, ! b\ AS 


f2 





•m flu iiLi uni uuninUL 

copy 

Boirariaffi!! 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-279 


October 27, 1969 


APOLLO 12 (MISSION H-1) SPACECRAFT 
DISPERSION ANALYSIS 
VOLUME n 

TRANSLUNAR AND TRANSEARTH PHASES 


Lunar Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 




MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 




MPAQ REPORT COHIRGL 


DO HOT REMOVE 


SJ:; NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-280 
November 4, 1969 

APOLLO 12 (MISSION H-1) 
DISPERSION ANALYSIS 

VOLUME rz 

DESCENT AND ASCENT 
DISPERSION ANALYSES 
PART 2 

LUNAR ASCENT 



Landing Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 




MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 


^2 




"irnu ilcrUBI mSiiuL 

copy 

DO NOT nVE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-282 
November 4, 1969 


APOLLO LUNAR TRACKING 
COVERAGE FOR 1973 


Lunar Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 



MANNED SPACECRAFT CENTER 

HOUSTON. TEX AS 



mrnu iiliuui uumuuk 

COPY 

DO HOT REMOVE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-283 


November 7, 1969 


APOLLO 10 ENTRY 
POSTFLIGHT ANALYSIS 



LANDING ANALYSIS BRANCH 
MISSION PLANNING AND ANALYSIS DIVfSlON 

MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 



"irau CflMOr 
COPY 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-284 


November 6, 1969 


LAUNCH WINDOW EFFECTS ON THE 
APOLLO 12 (MISSION H-1) OPERATIONAL 

ABORT PLAN 



Flight Analysis Branch 

MISSION PLANNING AND ANALYSIS DIVISION 


MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 



N'3-l* Pis r£ 

Mr nil riLfysis bbs^isjd 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-285 


November 17, 1969 


PANACEA: PROGRAM FOR ANALYZING 
NETWORKS AND THE ASSOCIATED 
CONSUMABLES FOR EXPERIMENTS 
AND ACTIVITIES 


Guidance and Performance Branch 
MISSION PLANNING AND ANALYSIS DIVISION 






MANNED SPACECRAFT CENTER 
houston,texas 



NATIONAL AERONAUTICS AND SPACE 


PAD 


coimoL 



mmjwmb 

MSC INTERNAL NOTE NO. 69-FM-286 
November 24, 1969 

1 

REVISION 4 RTCC REQUIREMENTS 
FOR APOLLO 13 (MISSION H-2): 
EARTH ORBIT INSERTION PROCESSOR 


(This revision supersedes MSC Internal Note No. 
69.FM-132 dated May 9, 1969) 


Lunar Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 



MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 




Rtmi miKUL 


DD NOT BEHOVE 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-287 


November 18, 1969 


RTCC REQUIREMENTS FOR MISSION H-2 
NON-FREE-RETURN MODES OF 
THE TRANSLUNAR MIDCOURSE 
CORRECTION PROCESSOR 



Lunar Mission Analysis Branch | 

MISSION PLANNING AND ANALYSIS DIVISION 


f 

' c. 

*• 


: jA 


MANNED SPACECRAFT CENTER 

HOUSTON.! EXAS 


^2 




NATIONAL AERONAUTICS AND SPA<h-' AUMfm&T«-ATION 

MSC INTERNAL NOTE NO. 69-FM-288 


November 12, 1969 



r" 




CISLUNAR NAVIGATION SIGHTING 
DATA FOR ALTERNATE AND 
CONTINGENCY CHECKLIST FOR 
APOLLO 12 (MISSION H-1) 


Mathematical Physics Branch 
MISSION PLANNING AND ANALYSIS DIVISION 

t , 


MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 




inrftu Ktmu 





P1iW,o. 


NATIONAL AERONAUTICS AND SPACE 


MSC INTERNAL NOTE NO. 69-FM-289 


November 13, 1969 


RTCC REQUIREMENTS FOR APOLLO 13 
(MISSION H-2): XYZT AND FREE-RETURN 

MODES OF THE TRANSLUNAR 
MIDCOURSE CORRECTION PROCESSOR 



Lunar Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION, 



MANNED SPACECRAFT CENTER 

HOUSTON.TtXAS 




fvsriiu 


:.jL 


E!S- y 7., 7 ...,rT= 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-290 


November 21, 1969 


SHORT ARC FITS OF DIFFERENT 
LENGTHS FOR AN 
APOLLO-TYPE ORBIT 


Mathematical Physics Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


MANNED SPACECRAFT CENTER 

HOUSTON,TEXAS 




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-291 
November 17, 1969 


INORBIT AV STUDY FOR AN 
ADVANCED LOGISTICS SYSTEM (ALS) 
RESUPPLY MISSION 


Orbital Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 



MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 



Change no. 


Date 


Description 



# 
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DO NOT REMOVE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-292 


November 6, 1969 


APOLLO 12 (MISSION H-1) SPACECRAFT 
DISPERSION ANALYSIS 
VOLUME m 
DISPERSION SUMMARY 


Guidance and Performance Branch 
MISSION PLANNING AND ANALYSIS BRANCH 



MANNED SPACECRAFT CENTER 

HOUSTON,TEXAS 




PAD mmi CONI 
COPY 

00 NOT REIOVE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-293 
November 12, 1969 

CISLUNAR STAR AVAILABILITY DATA 
FOR APOLLO 12 (MISSION H-1): 
NOVEMBER 14, 1969 LAUNCH 

Mathematical Physics Branch 
MISSION PLANNING AND ANALYSIS DIVISION 



MANNED SPACECRAFT CENTER 

HO LJSTON,Tt XAS 



fiU 


COPY 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-294 
November 28, 1969 


BASIC CHARACTERISTICS OF PARKING 
ORBITS ABOUT MARS FOR USE IN 
PRELIMINARY MISSION PLANNING 


Orbital Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


MANNED SPACECRAFT CENTHR 

HOUSTON. TEXAS 



: / 




WT coimoi 


NATIONAL AERONAUTICS AND SPA 




MSC INTERNAL NOTE NO, 69.FM-295 


November 7, 1969 


REVISION 1 TO SEPARATION 
PROCEDURES FOR APOLLO 12 
(MISSION H-1) NOMINAL, ALTERNATE, 
AND ABORT MISSIONS 



Flight Analysis Branch 1 

MISSION PLANNING AND ANALYSIS DIVISION 


• ' 2 ' 

e. 


•cyti 

: ..d 


MANNED SPACECRAFT CENTER 


IIOIIS I (1N.TEXAS 


^2 




M MBT comsoi 

m 


NATIONAL AERONAUTICS AND SPACE ADM IN iSTRATlb N 


MSC INTERNAL NOTE NO. 69-FM-296 


November 7, 1969 


OPERATIONAL LM ABORT AND CSM 
RESCUE PLAN FOR APOLLO 12 
(MISSION H-1) 

VOLUME I 

ABORTS FROM POWERED DESCENT 
AND ASCENT 



Landing Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 

, ^ J M MANNED SPACECRAFT CENTER 

" HOUSTON. TEXAS 


HO USTON. TEXAS 


[2 





MPAD REPORT CONTROL 
COPY 

DO NOT REMOVE 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-269 


October 17, 1 969 


OPERATIONAL LUNAR ORBIT ATTITUDE 

SEQUENCE FOR 
APOLLO 12 (MISSION H-1) 


Lunar Mission Analysis Branch i 

MISSION PLANNING AND ANALYSIS DIVISIOnI 

•: ‘‘2 1 



MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 





urnu Ktmi CONTROL 
COPY 

DO NOT REMOVE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM.298 
NOVEMBER 19, 1969 1 


ENTRY MONITORING SYSTEM 
RANGING WITH CROSS-RANGE 

CONTROL 


Landing Analysis Branch . 

MISSION PLANNING AND ANALYSIS DIVISION 

*■ r f.% , 



MANNED SPACECRAFT CENTER 

HOUSTON. TRXAS 



na ^ li 




' DO H9T REMOVE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-299 


November 10, 1969 


ONBOARD NAVIGATION ACCURACIES 
FOR THE APOLLO 12 
(MISSION H-1) RENDEZVOUS 



Mathematical Physics Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


c. 


Si 


" r 


MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 


^3 




MPAD DEPORT CONTROL 
COPY 

DO NOT REMOVE 


SaS NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-300 
November 21, 1969 


ABORT REQUIREMENTS FOR LUNAR 
LANDING MISSIONS WHICH 
UTILIZE THREE - IMPULSE LOI AND 
TEI MANEUVERS 



Flight Analysis Branch 

MISSION PLANNING AND ANALYSIS DIVISION 


MANNED SPACECRAFT CENTER 

Hot SI ON. TEXAS 




DO HOT mmi 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-301 


November 21,1969 


A PARAMETRIC STUDY OF LITHIUM 
HYDROXIDE REQUIREMENTS FOR CARBON 
DIOXIDE REMOVAL USING APOLLO 
LUNAR MODULE FLIGHT DATA 



Guidance and Performance Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


c. 

1 




MANNED SPACECRAFT CENTER 

HOLIS 1 ON. TEXAS 


^3 




MSC INTERNAL NOTE NO. 69-FM-302 


November 10, 1969 


FINAL CONSUMABLES SUMMARY 
FOR THE APOLLO 12 MISSION 


Guidance and Performance Branch 
MISSION PLANNING AND ANALYSIS DIVISION 



MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 
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COPY 

DO NOT Kiel 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-303 
November 13, 1969 


OPERATIONAL LM ABORT AND CSM 
RESCUE PLAN FOR APOLLO 12 

VOLUME n 

RENDEZVOUS AND RESCUE 


Orbital Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 



MANNED SPACECRAFT CENTER 

H OUSTON.T HXAS 




MPAD REPORT CONTROL 
COPY 

DO NOT REMOVE, 

:e administratioV) 


NATIONAL AERONAUTICS AND SPACE ADMINISTRA 

MSC INTERNAL NOTE NO. 69-FM-304 
November 10, 1969 


FINAL OPERATIONAL 
SPACECRAFT ATTITUDE 
SEQUENCE FOR 
APOLLO 12 (MISSION H-1) 



Lunar Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


• m 


^ * c 
• " 

' -I • 


MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 


^3 




MPAD REPORT CONTROL 
X COPY 
DO NOT REMOVE 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-305 


November 12, 1969 


APOLLO 12 

LUNAR TRAJECTORY NOTES 


MISSION PLANNING AND ANALYSIS DIVISION 




MANNED SPACECRAFT CENTER 

HOUSTONJEXAS 




DO NOT REIOVE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-306 
November 18, 1969 


CISLUNAR NAVIGATION SIGHTING 
DATA FOR ALTERNATE AND 
CONTINGENCY CHECKLIST 
FOR APOLLO 12: 
NOVEMBER 16, 1969 LAUNCH 


Mathematical Physics Branch 

MISSION PLANNING AND ANALYSIS DIVISION 
• *2 


"w* 



MANNED SPACECRAFT CENTER 

HOUSTON, TtXAS 
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NATIONAL AERONAUTICS ANll^’PACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM.307 
December 1 , 1969 


AN ACTIVITIES SCHEDULER 
ENVIRONMENTAL 

CONTROL SYSTEM MODEL 



Guidance and Performance Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


c. 

r. 


-cyt 
• : . 


MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 


^3 




MHAU KtPUKI 

COPY 

MO NOT REMOVE 




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-308 


November 26, 1969 


DESCRIPTION OF THE REVISED DKI 
LOGIC TO BE USED FOR 
APOLLO MISSION H-3 
AND SUBSEQUENT MISSIONS 



Orbital Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


MANNED SPACECRAFT CENTER 


HOUSTON,TEXAS 





Kission Planning and Analysis Division 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MANNED SPACECRAFT CENTER 
Houston, Texas 77058 


IN REPLY REFER TO; 70-FM61-39 


MEMCRAITDUM TO: See list below 


yPAO REPORT CONTROL 

COPY / 
DO MOT REMOVED i 


FROM 


FM6/Chief, Orbital Mission Analysis Branch 


SUKTECT Transmittal of detailed prograraning requirements - H -3 

requirement 


The enclosure constitutes change 1 to MSC Internal Note no. 69-FM-308 
which presents detailed requirements for the real-time computer program^ 
to be employed in support of the Apollo mission H -3 and subsequent missions. 
This change will provide the capability of doing DKI maneuvers at frac- 
tional period intervals instead of being limited to scheduling maneuvers 
on a fixed maneuver line. 



Edgar C. Lineberry 



APPROVED BY: 


John P. Mayer 

Chief, Mission Planning 

and Analysis Division 


The Flight Software Branch concurs with the above recommendations 

n 


Enclosure 



(/ Flight Software Branch 


Addressees : 

See attached list 

ECL:fc 






Mission Planning and Analysis Division 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
Houston, Texas 77058 


IN REPLY REFER TO: 70-fm5i-89 

MEMORANDUM TO: See list below 


JUL I 7 1970 


FROM : FM6/Chief, Orbital Mission Analysis Branch 

SUBJECT ; Transmittal of detailed programming requirements 


The enclosure constitutes change 2 to MSG Internal Note No. 69-FM-308 
which presents detailed requirements for the real-time computer program 
to be employed in support of the Apollo mission H-3 and subsequent mis- 
sions. This change will allow a "phasing only" maneuver to be performed 
on the opposite end of the maneuver line from the NSR maneuver point. 



APPROVED BY: 





John P. Mayer 

Chief, Mission Planning 

and Analysis Division 



Addressees : 

See attached list 

ECLrfc 





DATE: 




Mission Planning and Analysis Division 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
Houston. Texas 77058 


REPLY TO 
ATTN OF: 


7O-FM92-5O 


December 22, 1970 


MEMORANDUM TO 


FROM 

SUBJECT 


See list below 

FM9/Pr ogram Development Branch 

Transmittal of detailed programming requirements for 
Skylab RTCC real time program 


The enclosure constitutes Change 3 to MSC Internal Note No. 69 -FM -308 
which presents detailed requirements for the real-time computer program 
to be employed in support of the Apollo mission H-L and subsequent 
missions. This change will allow the EKI to iterate on four maneuvers; 
and therefore, it will be able to solve the Skylab rendezvous sequence 
in one run. The program is also changed to converge on height and phase 
at TPI instead of at NSR. This will simplify the DKI logic and make 
it more straightforward. 



APPROVED BY: 





Johnl P. Mayer 
Chiey Mission Planning 
and Analysis Division 


The Flight 


Software Branch concurs with the above recommendations. 

AJames C. Stokes, Jr. 

^ Chief, Flight Software Branch 


Enclosure 

Addressees: (See attached list) 

FM9 : JVKahanek : rmr 


NARA SW Box E157G-43 



Mission Planning and Analysis Division 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
Houston, Texas 77058 


REPLY TO 
ATTN OF: 


5M92 (71-47) 


MEMORAiJDUM 


APR 1 6 1971 


TO: See list below 

FROM; FM9/TTogram Development Branch 

SUBJECT: Transmittal of Detailed Programming Requirements for SkylaT: 
RTCC Real Time Program 




The enclosure constitutes Change k to MSC Internal Note No. 69“FM-308 
which presents detailed requirements for the real-time computer program 
to be employed in support of Sky lab missions. This change will allow 
the follcwlng; 

1. Input delta time between NCC and NSR. 

2. Ability to compute the relative out-of-plane at NSR and apply 
this out-of-plane on an NSR alone sequence. 

5 . Ability to change the time of NSR on the NSR alone route to 
maintain TPI time. This is identical to the CDH iterate route in the 
Apollo program. 


This change also defines the additional input required. 




DATE; 


P. Mayer 

Mission Planning 
and Analysis Division 




The Data Processing Branch concurs with the above recommendations. 



James 

Acting Chief, Data Processing Branch 


Enclosure 


Addressees; (See attached list) 
FM9/JWKahanek : rmr : 
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MSC INTERNAL NOTE NO. 69-FM-309 


December 1, 1969 


THE PROPULSION CONSUMABLES 
MODEL FOR AN EVENT 
SCHEDULING PROGRAM 


Guidance and Performance Branch 
MISSION PLANNING AND ANALYSIS DIVISION 

MANNED SPACECRAFT CENTER 
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HOUSTON.! EXAS 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-310 


December 4, 1969 


CISLUNAR STAR AVAILABILITY DATA 
FOR APOLLO 12 (MISSION H-1): 
NOVEMBER 16, 1969 
LAUNCH 


Mathematical Physics Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


c. 

>% .i>. 




■ : I 


MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 



MPAD lltfURI UliKinui. 
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NATIONAL AERONAUTICS AND #ACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-311 


December 2, 1 969 


VELOCITY REQUIREMENTS FOR 


MARS STOPOVER/VENUS 
SWINGBY MISSIONS IN 1981 


Advanced Mission Design Branch 


MISSION PLANNING AND ANALYSIS DIVISION 



r 


c 

•• 




MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 


^3 
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NATIONAL AERONAUTICS AND SPAC 

MSC INTERNAL NOTE NO. 69-FM-312 
December 1, 1969 


EARTH LAUNCH WINDOW ANALYSIS 
OF 1981 MARS STOPOVER/VENUS 


SWINGBY MISSIONS 


Advanced Mission Design Branch 

MISSION PLANNING AND ANALYSIS DIVISION 
* ‘2 







MANNED SPACECRAFT CENTER 

- HOUSTON. TEXAS 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-313 
December 2, 1969 


PRELAUNCH GO/NO-GO 
COMPUTATIONS FOR THE 
APOLLO 12 MISSION 


\ 

Flight Analysis Branch 

MISSION PLANNING AND ANALYSIS DIVISION 



MANNED SPACECRAFT CENTER 

HOUSTONJEXAS 




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-314 


December 3, 1 969 


PREDICTED LAUNCH ABORT LANDING 
POINT DATA COMPUTED 
FOR APOLLO 12 


Mission Planning Support Office 
MISSION PLANNING AND ANALYSIS DIVISION 


’ey? a 


MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 



MPM REPOSr COfflOl 


m DONOriiEB 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-315 


December 5, 1 969 


ABORT REQUIREMENTS FOR 
CSM-ONLY POLAR LUNAR MISSIONS 
UTILIZING THREE-IMPULSE 
LOI AND TEI MANEUVERS 



Flight Analysis Branch 

MISSION PLANNING AND ANALYSIS DIVISION 


<. 


: l 


MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 
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MSC. 01254 



DO m mow 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-316 
December 24, 1969 t 


PRELIMINARY CONSUMABLES ANALYSIS 
FOR THE APOLLO J-TYPE MISSIONS 


Guidance and Performance Branch 
MISSION PLANNING AND ANALYSIS DIVISION 



MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 



MSC.01262 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-317 
January 8, 1970 


APPLICATION OF BROUWER’S ARTIFICIAL 
SATELLITE THEORY TO COMPUTATION 
OF THE STATE TRANSITION MATRIX 


Advanced Mission Design Branch 
MISSION PLANNING AND ANALYSIS DIVISION 



'w* 


MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 



u h,i.. , 




MSC-01264 


NATIONAL AERONAUTICS^ AND SPACE" ADM IN ISTRATIO N 


MSC INTERNAL NOTE NO. 69-FM-318 


December 24, 1969 


EARTH LAUNCH WINDOW ANALYSIS 
OF THE 1986 MARS CONJUNCTION 
CLASS MISSION 


Advanced Mission Design Branch 
MISSION PLANNING AND ANALYSIS DIVISION 



' ' V 
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* '■•K. 


MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 
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[ MSC-01265 

0 tSvJj c j1 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-31j9 
December 26, 1969 

APOLLO 12 NAVIGATION PROCEDURES 

Mathematical Physics Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


■ r'll 


MANNED SPACECRAFT CENTER 

houston,texas I 



ca?Y 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-297 


November 6, 1969 


OUT-THE-WINDOW VISIBILITY DURING 
LUNAR DESCENT OF APOLLO 12 
(MISSION H-1) 


Flight Analysis Branch 

MISSION PLANNING AND ANALYSIS DIVISION 


MANNED SPACECRAFT CENTER 

HOUSTONJEXAS 



MSC. 01276 


MTU iiEnitr aMmu 
raw 

DO NOT REMOVE 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-322 
January 23, 1970 

THE SPACECRAFT OPERATIONAL 
TRAJECTORY FOR 
APOLLO 13 (MISSION H-2) 

VOLUME I 

HYBRID MISSION PROFILE FOR A 
MARCH 12, 1970 LAUNCH 



Lunar Mission Analysis Branch, 

Landing Analysis Branch, 
and 

Orbital Mission Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISIOKI 

MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 




M REFORI CONTROL 


b-Ji: i 


S:- NATIONAL AERCiHA 


m II EEIOVE 

UTICS AND SP, 


MSC-01278 


SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69.FM-323 


February 6, 1970 


OPTIMUM INSTANTANEOUS 
IMPULSIVE ORBITAL INJECTION 


TO ATTAIN A SPECIFIED 


ASYMPTOTIC VELOCITY VECTOR 


Mathematical Physics Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


*• 

' r , 




MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 



MSC. 01279 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM.324 


December 31, 1969 


APOLLO 12 RTACF 
POSTMISSION REPORT 


Mission Planning Support Office 
MISSION PLANNING AND ANALYSIS DIVISION 

MANNED SPACECRAFT CENTE 

- f r HOIJSION.TE-XAS 



MSC-01280 


™ miii comoL 


'■Wi 

?y |||5 b t'i^f^e'jL 

NATIONAL AERONAUTICS AMrD“*5WkCE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-325 


February 6, 1970 ' 

NONCOPLANAR MINIMUM AV 
TWO-IMPULSE AND THREE-IMPULSE 
ORBITAL TRANSFER FROM A 
REGRESSING OBLATE EARTH ASSEMBLY 
PARKING ELLIPSE ONTO A FLYBY 
TRANS-MARS ASYMPTOTIC 
VELOCITY VECTOR 


Mathematical Physics Branch 


MISSION PLANNING AND ANALYSIS DIVISION 



MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 
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MSC-01273 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69.FM-321 


December 23, 1969 


SPACECRAFT OPERATIONAL TRAJECTORY 
FOR APOLLO 13 (MISSION H-2), 
LAUNCHED MARCH 12, 1970 
VOLUME H - TRAJECTORY PARAMETERS 



Lunar Mission Analysis Branch 
Orbital Mission Analysis Branch 
and 

Landing Analysis Branch 
MISSION PLANNING AND ANALYSIS DIVISION 


“ "II 


MANNED SPACECRAFT CENTER 

HOUSTON,TEXAS 



Mission Planning and Analysis Division 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
Houston, Texas 77058 


IN REPLY REFER TO; YO-FM^7-2L3 


MEMORANDUM TO 

PROM 

SUBJECT 


See list below 

PM^/Assistant Chief, Mathematical Physics Branch 

Modifications to the RTCC offline star-horizon observation 
processor for Apollo ih 


1. Reference: MSC Internal Note 69-EM-526, "RTCC Offline Requirements 
for H-2: Star-Horizon Observation Processor," by Paul Flanagan, MPB, 
and Robert Kidd, TRW Systems Group, February 24, 1970. 


2. The modifications to the RTCC offline star-horizon observation 
processor for Apollo 14 are of two types. The first is the inclusion 
of additional quantities which will aid in the analysis of the sightings. 
In addition to calculating new quantities, a statistical summary of 
several parameters for each star is required. The second modification is 
to change the computer format so that the desired information is more 
readily available. 


Emil R, Schiesser 


The Flight Software Branch concurs with the above recommendation and 



and Analysis Division 


Enclosure 

Addressees: (See attached list) 
EM4 :RTSavely :rmr 


NARA SW Box E157G-45 



REPLY TO 
ATTN OF: 


70-FMi+7“280 


Mission Planning and Analysis Division 
NATIONAL AERONAUTICS AND SPACE ADMimSTRATiON 
MANNED SPACECRAFT CENTER 
Houston, Texas 77058 


November 30^ L9TO 


MEM0RAM)UM TO 


See List Below 


FROM 


FM/Mission Planning and Analysis Division 


SUBJECT 


Change for RTCC offline formulation for Apollo lU; 
Star-Horizon Observation Processor 


1. Reference: MSC Internal Note No, 69-FM-326, "RTCC Offline 
Requirements for H-2; Star-Horizon Observation Processor," FMh/ 
P, Flanagan and TRN/R. Kidd, February 2h , 1970. 


2, The reference internal note should be updated as defined in 
the attached change sheet, and the RTCC offline star horizon obser- 
vation processor should be altered accordingly for Apollo l4. The 
equation for D^ is currently incorrectly defined. 







Emil R. Schiesser 
Assistant Chief 
Mathematical Physics Branch 


The Flight Software Branch concurs with the above recommendation 
and requests IBM to proceed accordingly. 


Attachment 

Distribution: (See attached list) 

FM^ ; JBlucher : f db 


James T. Stokes, Jr., 
Flight Software Branch 



APPROVED BY: 



P. Mayer 

‘f, Mission Planning 
and Analysis Division 


NARA SW Box E157G-45 


NAIIUNAL AtKONAUIlLb A{NU bKALt AUMINli I KA l lUiN 
MANNED SPACECRAFT CENTER 
Houston. Texas 77058 



REPLY TO 

ATTN OF; 71-FM47-13 


JAN 2 7 1971 


MEMORANDUM TO: 
FROM : 
SUBJECT : 


See List Below 

TM/Mission Planning and Analysis Division 

Change for RTCC offline fonnulation for Apollo lii: 
Star-Horizon Observation Processor 


1. Reference: MSC Internal Note No. 69-FM-326, "RTCC Offline 
Requirements for H-2: Star-Horizon Observation Processor," FM^/ 

P. Flanagan and TRW/R. Kidd, February 2^4, 1970. 

2. The reference internal note should be updated as defined in 
the attached change sheet, and the RTCC offline star horizon obser- 
vation processor should be altered accordingly for Apollo ik. The 
equation for the terminator visibility check is currently incorrectly 
defined. 

Emil R. Schiesser 
Assistant Chief 
Mathematical physics Branch 

The Flight Software Branch concurs with the above recommendation 
and requests IBM to proceed accordingly. 


Attachment 

Distribution: (See attached list) 
FM^ : JBluc ke r ; f db 





James C, (/Stokes, Jri/, Chy 
Flight Software Branch 



APPROVED BY; 



and Analysis Division 




Mission Planning and Analysis Divisio 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


copy 

J)9 tIOT REMO 


MANNED SPACECRAFT CENTER 
Houston, Texas 77058 



(71-67) 


MAY 1 8 871 


MEMORANDUM 


TO: See List Below 

FROM: FM/Mission Planning and Analysis Division 

SUBJECT: Change for RTCC Offline Formulation for Apollo l5: Star- 
Horizon Observation Processor 



1. Reference: MSC Internal Note No. 69-FM-326, "RTCC Offline 
Requirements for H-2: Star-PIorizon Observation Processor," FM^/ 

P. Flanagan and TRW/R. Kidd, February 2U, 1970. 

2. The reference internal note should be updated as defined in the 
attached change sheet, and the RTCC offline star horizon observation 
processor should be altered accordingly for Apollo 15. The equation 
for SFOV is currently incorrectly defined. 

Emil R. Schiesser 
Assistant Chief 
Mathematical Physics Branch 

The Data Processing Branch concurs with the above recommendation and 
requests IBM to proceed accordingly. 



Stokes, ,/^ting Chief 


Jaines ^ ^ i 

Data Processing Branch 




MSC.01286 


DO NOI REMOVE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 69-FM-327 


December 31, 1969 


RTCC REQUIREMENTS 
FOR MISSION H-3: 
LOI TARGETING 


Lunar Mission Analysis Branch 


MISSION PLANNING AND ANALYSIS DIVISION 



MANNED SPACECRAFT CENT 


i 


HOUSTON.TEXAS 



MSC-01293 












fppn p:r" 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM-328 


December 31, 1969 


APOLLO 14 (MISSION H-3) BASELINE 
MISSION PROFILE 


Lunar Mission Analysis Branch 


MISSION PLANNING AND ANALYSIS DIVISION 




c. 
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MANNED SPACECRAFT CENTER 

HOUSTON.TEXAS 


MSC.01295 


NATIONAL AERONAU 


UL 



.^.ADMINISTRATION 


MSC INTERNAL NOTE NO. 69-FM.329 


J a nu a ry 16, 1 97 0 


THE SEARCH FOR SURVEYOR IE 


MISSION PLANNING AND ANALYSIS DIVISION 


MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 




MSC-01298 




MPAU mm\ UUNIKUL 

COPY 
DO NOT REMOVE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 70-FM-l 


January 22, 1 970 


THE EFFECT OF ABORT 
CONSIDERATIONS ON MSC SHUTTLE 
CRAFT INJECTION CONDITIONS 
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The three flyby options use similar logic for the first five steps 
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Enclosed is Change 1 to MSC Internal Note No. 70-M-14, This change 
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course correction processor. Also included are some minor cleanup items 
relevant to the original docxanentation. 
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MEMORANDUM 

TO: See List Below 

FROM: FM/Mission Planning and Analysis Division 


MAY 6 1971 


SUBJECT: Change 2 to Internal Note No. 7 O-FM- 65 , "RTCC Offline Require- 
ments for H-3: LM Position Determination Using AOT + G 
Measurement on Lunar Surface” 



Reference: MSC Internal Note No. 7 O-FM- 65 , "RTCC Offline Requirements 
for H-3: LM Position Determination Using AOT + G Measurements on 
Lunar Surface," Fm4/t. J. BlucRer, TRW/B. M. Most, April 6, 1970. 

The attached defines the change 2 to be incorporated into the RTCC 
offline program AOT + G. These pages should be substituted into the 
reference to represent the current program definition. 

The changes are necessary due to the change made in the LM onboard 
alinement program which alters the AOT marking procedures for Apollo 15 
and subsequent missions. The Apollo 15 program takes all spiral data 
then all cursor data, storing a mark time for each mark. The new RTCC 
formulation must form a marking set (spiral + cursor) and correct for 
lunar rotation between the two marks. The present RTCC program capa- 
bility will be retained, and this option will be selected when only 
one set of gimbal angles and one mark time are input for each set of 
cursor and spiral angles as the old marking sequence is still avail- 
able in the LM computer. 
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U.S. Government 

MEMORANDUM I\J/\S/) 

WA3/83-539 

j U i>l 1 3 1983 

initiator , . , ENCL 

WA3/DLSuiter rmlp : 6/10 : U323 1 

TO: LA/Manager, National Space Transportation 
Systems Program Office 

1«IA/Manager , Space Shuttle Projects Office 

WA3/Chairman, Electromagnetic Effect Panel 



cc 

AC/H. E. Clea»snts 

..Robert L. Blount 

soBJ: Lightning Design Models and Vehicle Lightning Capabilities 


The design model contained in the Space Shuttle Lightning Protection Criteria I>oc\sinen-t 
- JSC 07636 , was selected in the early 19T0's on the^ advice of four lightning consul- 
tants. The model is based solely on cloud-to-ground lightning par^eters and is very 
severe in peak current amplitude of 200 kilo amperes (KA). It now appears that the 
98 percentile peak current model (lOOKA) shown in NASA TM 92U73, Terrestrial Environme 
(climate) Criteria Guidelines for Use in Aerospace Vehicle Development - 1982 Revisior 
is a more reasonable level for threats to the vehicles on the ground at KSC. For 
the stacked vehicle, the threat of a large strike is only present during roll-out 
since the launch facility lightning rod protects the vehicle during periods of longest 
exposure. 




Iditional lightning data have been obtained within the past three years which indical 
that the in-flight threat (launch and landing) would be less than 50 KA peak current. 
There are now data available from 233 strikes to research aircraft and the measured 
peak currents were all below 22 KA. In addition, there are now measured peak currents 
from 82 triggered cloud-to-ground strikes from thunderstorms using wire trailing 
rockets and all were below 16 KA. Thirty (30) of the 82 strikes were from Florida 
thunders xorms . We believe these data to be adec^uato justification for revising the 
in-flight requirement to 50 KA peak current with a 25 KA restrike. This has been 
discussed with three of the four original consultants who all feel a reduction in 
requirements is a reasonable thing to do. Ve will further discuss the lightning 
threat with other members of the lightning community at the up—coming conference in 
Ft, Worth, Texas in June. 


Following the conference, the Shuttle Lightning Connnittee is planning to draft propose 
changes to JSC 07636 to specify two design models that will be compatible with the 
I ^gund and in-flight threat as is presently known. If these changes are approved 
t^Bn the SRB design, including the filament woimd case, should meet the new requiremei 
ET design, without the protective bands -on the ogive, should also meet the new 
requirements. The Orbiter/SSME design, with the installation of four approved modifi- 
cations, should meet the new requirements for the damage sitxiation. 


The assessment of the Orbiter/SSKE circuit upset hardness to lightning using state- 
of-the-art bench testing techniques, however, is still in progress and is scheduled 
be completed by August of this year. 
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ENCLOSURE 



■' 'f 


71-FC83-034 January 29, 1971 

Note of Interest 

Apollo 14 Inflight Demonstrations 

1. Iks you may or may nojfc know, there are four inflight demonstrations 
identified for use on Apollo 14. The purpose of tiiis note is tvv'ofold: 
(1) to briefly acquaint you with the demonstrations, and (2) to explain 
the ground interface procedures associated wdth tlie demonstrations. 


The 

demonstrations and development centers are as follows: 

a. 

Heat Flow and Convection 

MSFC 

b. 

Electrophoretic Separation 

MSFC 

c. 

Composite Casting 

MSFC 

d. 

Liquid Transfer 

LERC 


Hie first tliree demonstrations comprise simple tests of interest in the 
Materials Science and Manufacturing in space program and the fortli is an 
evaluation of baffle systems to control weightless fluids during transfer 
to and from tanks. These demonstrations are jointly spoiisored by the CMSF 
Advanced Manned Missions Program Office and the O^iRT Tedmology Applica- 
tions Office. An inflight demonstration, by the W'ay, is a tedmical demon- 
stration of an apparatus and/or processes designated to illustrate or 
utilize the unique conditions of the space flight environment. Ihey are 
performed on a non-interference basis and their completion is not considered 
as a factor relating to mission success. Hiey do not appear in the Flight 
Plan, except for a single line entry relating to R/T IV at 172:30 GhT. 
Current crew plans indicate they will be done on tlie return leg. 

3. Heat Flow and Convention Demonstration - One of the principal advantages 
expected for the processing of materials in space is tliat there should be no 
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APOL-3 16 MISSION OO^LHZNTARY - .21, 72 CST 21; 32 GET 129:19 MC--.94/2 


CAP COM Okay. >3opy caat. 

duke Great. Oh, I’n looking forward to tomor- 

row. I - the day went so fast today, the first thing I knew 
I didn*t have a chance to eat or get a cup of coffee or any- 
thing. It was really - really (garble) along here. Doggone 
exciting. 

YOUNG It was pretty interesting. I think we 

can do a little better on the driving cross sun tomorrow. 

CAPCOM Rog. You made good time coming back. 

YOUNG Yeah, follow your tracks. That*s the 

only way to fly. 

DUKE Hey, Tony, if ve're on time, and we got 

a 7 hour EVA in, whet - how come we cut down - where dtd we 
lose - we must have lost it somewhere because we only nad 
r.alf the time at Flag - Or Spook, 'rather. 

YOUNG Yeah, I was curious about t’nat, too. 

2APC0M C'r;ay. i'c got out of Flag about 10 

minutes late, really, b >' the time you were r o a 1 1 y all 
loaded up and moving, and 1 tan t remem'oer i-igbt now w'r.ert 
we lost the re^at of tn e time. 


w K s. o r; ay . i e n ' ' o u . — 1 1 s a '• t a t a - . c - r 

g e c 1 c g y training, I t h i n , r a s really raid off. 2 u t s a . i r. t 
is really - at least, p r o ce ou r a 1 1 y - has beer, real team wor*;, 
and we appreciate everybody's hard work on cur exemplary 
training. 

CAPCOM Okay, and I sure think it's paying off. 

You guys did an outstanding job. 

YOUNG Yeah. You noticed how good I carried 

the bag, huh ? 

DUKE Yeah, well, they'll be that way. 

Y C uN G 2 g ot the farts aga in Si' 3.^* 7 j 

Charlie. I don't know what the hell gives them to me. C:r- 
t a 1 n ly not - I think it's acid n the stoma h . I re a 1 1 y '1 o . 

DUr>.u -t rrotat*'.'-s. 


. 1 .< s.; a 0 0 w a s . 0 r. a 


* _ 0 = a^mne 


- e -as. 




! G - _ c.' n t -■-'now .. r. a t o . e . . • - _ — .s j 

b c 'o c 1 d Z'. - z a 'w r r . i o u . n • o .:-i o c c i “ o. o v- r .. 
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A Division of 
1assacfiL;sei!s i 
Instil'j'e 
f Technology 



The Charles Stark Draper Laboratory 


68 Albany Street, Cambridge, Massachusetts 02139 Telephone (617) 864-6900 


SKYLARK MEMO NO. 97 


TO: 

FROM; 

DATE: 

SUBJECT: 


Distribution 

R. Larson, R. Kiburz, et al 
2 April 1973 

SKYLARK Erasable Procedures (SEP's) 
for Use On Mission SL-2 


The attached procedures have been received/developed 
by MIT/CSDL and are being circulated for general information. 


SKYLARK EMP's are not included in the memo other than the 
reference in the CONTENTS. They appear in Section 7 of the GSOP, 



The IMU Failure Rendezvous Procedures were reviewed in 
the CSM Rendezvous Book (R6-1). It is not included in this memo. 

SEP 017 (SL-51) has not appeared in the G & C checklist as 
yet, however, MIT has reviewed preliminary issues of the new Section 

7. 
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Introduction 

Three diniensicival vlurat,ion modes of the CSK/if'l dcckou spacecrai’t for tne 
full weighu condition have been cornputed. The frequency arid deflection 
data are dccomented here as part of the task requirements outlined in 
Reference 1. 


Discussion 


The mode data for the ful^ly loaded C£M/LK vehicle are derivea from the 
same stiffness model used in the quai'ter-full modes of Reference 1. The 
mass data are also identical except for those points in the mode* 
representing the SPS propellant tariks. Since the full loaae-u tanks are 
not expected to have any appreciable sloshing, the modes were -computed 
ivith no adjustment in the fluid masses for sloshing effects. A summary 
of the total mass properties for the C3M and CSM/LM are presentee in 
Table 1. Details on the stiffness model are presented in Reference 3. 
The mode shapes are tabulated in Table 2 and the mode frequencies are 
presented in Taole 3. The .geometric location of the nodes are presented 
in Table 4, with the x, y, z axis system being the standara Apollo 
coordinate system. The node n'umbers have been transformed bo the 
Apollo system for docked configurations. The deflection data of Table 2 
are presented by ascending mode number. V»'’ithin each mode the transla- 
tional deflection components are tabulated first and the rotattonal 
components last in sequential order of node number. If a Plank space 
occurs in the data then it means those particular components were not 
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H ' Comparison of Theorv_ with_ Surface 

Pressure Data Obt_^ined bv Firing the 
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References: (1) LM~RCS Engine Test Data — Data provided bv MSC to TRV7 during 

ASPO Task 47. 

(2) Leonard Roberts, "The Action of a Hypersonic Jet on a Dust 
Layer," IAS Paper No. 63-50, January 21-23, 1963. 

a - \ 

I. ^ SUMMARY ^ S -.i 3 -,5 

Comparisons were made of theoretical surface pressure with that measured 
during RCS Engine firings. The comparison indicated theory provided an 
engineering estimate of pressure for nozzle heights greater than the critical 
height defined hy Roberts. For lower nozzle heights the local theoretical 
pressure deviated substantially from measured pressure. One of the primary 
differences was that the surface pressure distribution deviated from a typical 
bell-shape and the surface pressure directly below the jet was less than the 
pressure at neighboring points. This effect was probably due to the formation 
of oblique shock waves upstream of the surface shock. Roberts' theory does 
not take such shocks into consideration and therefore predicts a bell-shaped 
surface pressure whose maximum always occurs directlv below the jet (the 
stagnation point). 


R, E, Hutton 
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II. INTRODUCTION 


Tests were conducted with the Apollo RCS Engine by live firings in a 
vacuum chamber at the Langley Research Center by a joint effort of MSC and 
LRC. Part of the data taken during these tests consisted of pressures 
measured on a flat plate located below the RCS Engine. Measurements were 
made for various nozzle heights, thrust levels and plate orientations. 

Plate orientations consisted of 0, 4, 8 and 12 oegree angles between thf* 
plate and nozzle exit planes. 
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NASA/MSC has received some Apollo 4 propellant density data from KSC which are 
used herein to arrive at preliminarv estimates of the SPS densities to be used in 
the Apollo 4 evaluation. -i ^ 

OX IDIZER DENSITY EQUATION 

An N 0 densitv measurement taken on 12 October L967 yielded a value of 1.4823 
2 4 • - 

gm/ml (92.537 Ibrn/ft"^) at 39.2®F. Conflicting information received later, however, 
indicated that the 12 October value may have been for the RCS oxidizer suoply. 

Eight samples measured during S/C servicing yielded the following values at 39.2“F. 


I 


1.4827 gm/ml 

1.4828 

1.4829 

1.4829 

1.4830 

1.4831 
1.4831 
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(92.581 Ibni/ft”^) 

Again, however, there is some question as to which of these eight samples were, from 
the SPS supply and which were from the RCS supply. Since the 12 October value falls 
outside the range of the eight later values, and the RCS and SPS values are mixed, 
the mean value of the eight later measurements was used in this analysis. The 
intercept of tlie Titan density equation (Reference 1) was adjusted so that 

the equation would vield 92.581 Ibm/ft^ at a temperature of 39.2°F and at a nressure 
of 14.7 psia. The adjusted density equation ,“'r^cl^ended for use in the Apollo 4 
evaluation, is; 


1 . 4832 gm/ml 
mean 1.4830 gm/ml 
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Kitclosed are the results of an analysis of the aerodyaamic ueatine rates to 
selected uody locations on tne conical lieat sliield of S/Ci U09 daring entrv. 

analysis was performed using the MSC Fi44 program (F’ofercnce 3) tc' 
calculate predicted cold wall neating rates to the venicle reference point 
(8/R = 0, a = 0) for the AS-201 entry trajectory t.iat is defined in f'c f c renc'.' 2. 
T.iesc cold wall neating rates, the trajectory, and tiie aonropriate 'oody point 
data (Table 1) were input to the most receiit version of the Standard Ablation 
Program (STAB II) to ootain the predicted heating rates (with Mowing) tc' 
selected heat shield locations. This recent version of STAB TI has, in 
addition to tiie revisions discussed in Reference 1, a nei-.' surfact: recession 
model v,m1c!i aefines the surface chemical reactions more adeauatoly. This 
analvsis also included a study of the effect of varving the turbulent flov-; 
model on tne windward conic neat shield from a snhore (shape factor = .055) 
to a flat plate (shape factor = .085). On tiie ieov/ard toroid section of the 
neat shield, a comparison of local heating rates v/as made considering :')Oth 
separated and attacned flow. 


Tlie results of tiie analysis are compared to tiic measured Iteat rates which 
have been corrected for tne folloiging: 

1. Re-calibration errors (5% for zirconia ring and surface emittance cc.anges). 


SYSTEMS 1RO REV. 3-67 


NARA SW Box E209H-111 



TRW SYSTEMS 


TO: 


Task E-66 File 


INTEROFFICE CORRESPONDENCE 


CC: 


68.3302.10-9 
DATE; 21 March 1968 


Preflight Predictions of AS-502 Entry 
Heating Rates 


FROM . 
BLDG 


B. B. Karmel 

H-3 pooM 2095 2898 


References: (1) ’'Revisions to the STAB II Charring Ablation Program", 

TRW IOC 68.3302.2-1, by H. tl. Battley, 18 January 1968. 

(2) "Program F144 - Apollo Pleating Rates", by Bernard F. 
Stuckey, NASA/MSC Project No. 3341, 19 January 1966. 

(3) "Apollo Command Module (CM) Entry Air B.adiation 
heating Rates", by Robert C. Ried, Jr., NASA/MSC 
Memorandum ES5/1-9/6M, 9 January 1968. 

Enclosed are the results of the AS-502 preflight analysis of the heating 
rates to the S/C 020 heat shield during entry. This analysis was performed 
using tlie MSC developed F144 aerodynamic heating program (Reference 2) to 
calculate the cold v;all iieating rates to each body location and the most 
recent version of the Standard Ablation Program (Reference 1) to calculate 
the net heating rates to selected calorimeter locations. In addition to the 
revisions discussed in Reference 1, the STAB II program used includes an 
updated surface recession model which more adequately defines the chemical 
reactions occurring at the ablator surface. 

The AS-502 nominal trajectory (L/D = .338, y = -6.5, Range = 2500 nm) , as 
presented in Figure 5, and the appropriate data for each body point were 
input to the F144 program to calculate the cold wall heating rates to all 
calorimeter locations on the S/C 020 heat shield as well as one lee side 
window location and the heat shield reference point (S/R = .9875, a = 22.5). 
Tae radiation heating rates to the reference point during AS-502 re-entry 
were obtained from the tables provided in Reference 3. The cold V7all heating 
rate and the radiation heating rate to the heat shield reference point 
(S/R = .9875, a = 22.5®), the AS-502 nominal trajectory, and the appropriate 
data for each of the ten heat shield locations analyzed, i-Jere input to the 
Standard Ablation Program (STAB II) and the net heating rate was determined 
to the ablator surface at each point. 

Figure 1 presents the total and net heat rates, as predicted by the STAB II 
program, to four calorimeter locations on the aft heat shield. Figure 2 
presents tne cold wall heating rates, as predicted by the F144 program, 
to the remaining six calorimeter locations on the aft heat shield. Figure 3 
presents the total and net heat rates, as predicted by the STAB II program, 
to six calorimeter locations on the conical portion of the heat shield. 
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68.3302.11-5 
Re: Task E-67 


31 May 1968 

National Aeronautics aiid Space Administration. 

Manned Spacecraft Center 
tiouaton, Texas 77058 

Attention. Mr. S. Jacobs, ES12 

Subject: Submittal of Project Technical Report, "TRW SESL Chamber A Thermal 

Environment/2TV-l Spacecraft Computer Program, Volume 11, User's 

Manual" 

Gentlemen ; 


Enclosed is tne subject TRW Project Technical Report No. 05952-H516-RO-00 
which presents the complete operating requirements, systems information, 
input data format, source language listings, and a sample case for the TRW 
SESI. Chamber A Thermal Environment/2TV-l Spacecraft Computer Program. The 
technical report transmitted herewith completes Objective (1) of Task E-67. 

The TRW SESL Chamber A Thermal Environment /2TV-1 Spacecraft Computer Program 
was developed to provide a rapid means of describing the thermal environment 
Lo the 2TV-1 spacecraft duriiig therm.al tests or for pre-test calculations. 

Volume I of the subject report (Engineering Description) which was transmitted 
on 8 March 1968 contains the computer program requirements, the mathematical 
model, the input information and the overall programming aspects In the 
engineering sense. 

The computer program has undergone checkout which includes Spacecraft 2TV-1 
pre-test thermal environment predictions. The program will also accept the 
actual RIMS (Radiation Intensity Measurement System) data and simulate, the 
thermal environment to the 2TV-1 Spacecraft for Che 2TV-1 thermal costs. 

Very truly yours. 


TRW SYSTEMS GROUP 

R. R. McMurchy, Manager 
Task E-67 


H. I. Leon, Manager 
Apollo Engineering Analysis 


Proj ect 


RRM : d j r 
Enclosure 
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rnoB; 


REVISION A 


TASK A-5E 


I-'M ARb:A I-vENTIFIL'ATl'v/r; 


IS March 1968 
68.3302. 12- 2A 


Prepared by: 



Approved b 2 /: 




A . Tho.T.ar.n 


iK'.'; OlDVbi'-id 

OIuE SPACE FAi^K 
liOUSTCN, TEXAS 
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Rb/.aBV OF 

IM LAHFIKG GUAR GKRTIFICATIQN 
DROP ■PFOT RESULTS 


t8.3302.12-G 
Task E-5B 
19 March 1968 



Approved by: 




G. E. A. Thomariii, Head 
Structures Section 


TRW SISTEI'© GROUP 
OWE SPACE PARK 
HOUSTON, TEXAS 


NARA SW Box E209H-111 



LANDING GE/IR DROP TEST RETOW 


TASK E- 5 B 

PROBLEM DEFINITION AND SPECIAL STUDIES 


17 April 1968 

68.3302.12-6 


Prepared by: R. J. Herring 


Approved by: 

G. 

Structures Section 

Apollo Engineering Operations 

Department 


Approved by: 


Apollo 
Department 
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TO 


SUBJECT 


TRI¥ 

svsrgMs onoug 


Task E-66 File 


INTEROFFICE CORRESPONDENCE 

cc See Distribution 


68.3302.16-6 
DATE: 25 March 1968 


S/C 017 Asymptotic Calorimeter from w. C. Rochelle 

Temperature Analysis H3 ma.usta. 2085 ext. 2869 


This memorandum presents results of an in-depth temperature analysis of four 
asymptotic calorimeters, CA 5550R, CA 5556R, CA 5560R, and CA 5563R for the 
Apollo 017 Spacecraft during the AS-501 entry. This analysis is required to 
support subsequent analyses of non-isothermal wall corrections and discon- 
tinuous mass injection studies. The temperatures of the constantan sensor, 
copper heat sink, zirconia insulating material, and surrounding Avcoat 5026- 
39-HCG ablator were determined using the corresponding local uncorrected 
heating rates and extrapolated values of ablator surface temperatures. A 
discussion of the calorimeter thermal model used with the TRW Thermal Analvzer 
Program (TAP) is presented along with calculated temperatures on (or near) the 
various asymptotic calorimeters. 

Tliere were twenty-one asymptotic calorimeters mounted on the S/C 017 command 
module conical heat shield. These were steady-state sensors which measured 
heating rates directly as a function of time (Reference 1). However, because 
of the large temperature difference existing hr'tv<=en the center of the con- 
stantan sensing foil and the surrounding heat shield ablator, the heating rates 
recorded by the sensor were not the same as chose which would be obtained if 
the entire surface were an ablator. Heating rate corrections for the S/C 017 
asymptotic calorimeters were previously obtained for approximate sensor and 
sink temperatures by using the wall temperature discontinuity methods (Refer- 
ences 2 through 4) and also by discontinuous mass injection methods (Reference 
5). These results will be modified by using the temperatures calculated by 
this analysis. 

The thermal model used for the asymptotic calorimeters is presented in Figure 1. 
The temperatures for this model were calculated by means of the TRV.^ Thermal 
Analyzer Program discussed In References 6 and 7. This program uses an explicit 
forward difference numerical integration technique based on an electrical cir- 
cuit analogy. In this program all of the equations and descriptive expressions 
are given as functions of resistance, capacitance (equal to the product of den- 
sity, volume, and specific heat of material), temperature, and heating rate. 

Ihe measured uncorrected heating rates to the calorimeter were used as the 
driving potential with the reradiation from the sensor assumed negligible 
because of the low constantan temperatures (very small change in net heating 
rate). An extrapolation of measured in-depth heat shield ablator temne natures 
(at thermocouple locations of 0.5 in., 0.20 in., 0.40 in., and at the bondline) 
was used to provide an input of temperature history as a function of time for 
the ablator surface, node 8. These thermocouple-in-depth extrapolations included 
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TO. 


SUBJECT: 


TRIVsysreMs 


Task E-70 File 


INTEROFFICE CORRESPONDENCE 

68.3302.17-2 

cc: DATE: 15 March 1968 


Vehicle Configuration for S/C 2S-1 (S/C 099) 


gfb 

FROM: K. C. Wendt 

BLDG h3 room 2096 EXT. 2895 


This memo is prepared for the purpose of delineating certain vehicle 
configuration requirements for the land and water impact test vehicle, 

S/C 2S-1 (S/C 099). While it is conceded that some of the listed items 
are intuitively obvious, all are sufficiently significant to warrant 
specific reference and their exclusion will substantially limit the 
validity of subsequent tests. 

Water Impact Vehicle Configuration Requirements 

1. Have spacecraft seals around all penetrations, especially around the 
forward hatch. 

2. Have cabin pressure relief valve installed and in a closed position. 

3. Have TG15000 insulation material installed between the aft bulkhead 
and aft heat shield for all low angle tests. 

4. Have adequate simulation of all large boxes installed with proper 
attachments on the aft bulkhead, e.g., CO 2 absorber containers, etc. 

5. Have astro-sextant mechanism installed, along with the passive 
thermal protection systen. 

6. Have adequate simulation of all Earth Land System (ELS) and up-righting 
system equipment installed in the +Z quadrant of the apex region. 

7. Have re-designed fiberglass fairings (e.g., V36-316131, V36-316123, 
etc.) installed in +Z quadrant of apex region. 

8. Have up-righting system operatable for a check of the system, if the 
vehicle should be in a stable II flotation position following the 
impact test. 

9. Have a vacuum drawn on the vehicle at the time of impact to simulate 
the cabin pressure relief valve lag characteristics and the effect of 
closing the valve at some altitude prior to splash-down. 


7 /) „ JP o2 ^ 
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SIMPLIFIED DYNAMIC ANALYSIS OF 


QUARTER SCALE WATER IMPACT MODEL 


TASK E-70 

COMMAND MODULE WATER AND LAND LANDING 
STRUCTURAL CAPABILITY ANALYSIS 

8 May 1968 
68.3302.18-6 


Prepared by: H. G. Schaeffer 


Approved by: 


Approved by: 


. P. Goldbp.rc?. Head 1 


A. P. Goldberg, Head 
Dynamics Section 
Apollo Engineering 
Operations Department 



A. J. Riii^di, Manager 
Apollo Engineering Operations 
Department 
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66 - 332 ^. 2-56 


TRW 


fN^TEROFTICE CORRESPOfSIDENJCE 

’c.' Task £-66 File p. 3. Brandt l^atf 8 March I 968 

W. C. Hochelle 
B. B. Harroel 
R. G. Posgay 

^ Calorimeter Correction Factor for Flight 201 . rom A. Burbaak (X» £*. 

B.c.. R 4 . . 1166 IX. 63955 

References: 1) Woodruff, Hearne, and Kellher, “Interpretation of 
Asymptotic Calorimeter Meas\u*eraentB,‘' AIAA Joxirnal, 

Vol. 5, Ho. U, April 1967 , pp 795 . 

2) Burbank, A., 'Computer Programs for Asymptotic Calori- 
meters," TRW IOC 68-3324.2-5, 5 January I 968 . 


Correction factors were calculated for the asymptotic calorimeter 
located near the vindvard meridian at x » 11 . 36 ft. on Flight 201. This 
correction factor 1 * given an a function of time on 

Figure 1. Calculations were made with the "NIW*' Program using the methods 
of References 1 and 2. This calorimeter data correction is due to the large 
drop in surface temperature between the nearby upstream surface, and the calor- 
imeter surface, as shown on Figure 2. The local upstream surface temijeratures 
were calculated with the STAB II Program drlTen by the meoaxired heat flux minus 
an estlaated 10^ reduction due to aonlsothermal effects. The temperatures at 
the calorimeter base (foil edge) were taken from a TAP analjrBia of calorimeter 
5550 on Flight 501 because the heating rates were about the same and both calori- 
meters were the same type (50 Btu/ft^-sec maxiimai) . This assumption is quite 
adequate becauae the aolutlon la not very sensitive to an exact knowledge of the 
precise base temperature, although the general level of the base temperature 
must be known. 
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68-3340. 4-2 


LM SOIL EROSION HAZARDS AS 
IMPLIED BY SURVEYOR VI 
SOIL EROSION RESULTS 


by 

R. E. Hutton 


TRW 


NARA SW Box E209H-111 


No. 68-3343-27 


PRELIMINARY REPORT OF THE 
APOLLO SATURN SPACE VEHICLE 
POGO ANALYSTS 


Prepared by: 

TRl\ Systems (’roup 
July 8, 1968 


Approved bv: 



Abne r 



TR'J Task Manager 
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TO: 


SUBJECT: 


INTEROFFICE CORRESPONDENCE 68-3346 . 11-13 

H. I. Leon cc: >!• Coffman date: 26 March 1968 

H. Harris 
R. Payne 


Thermal Control Sample Handling - CSM 103/LM3 from: E. E. Luedke 

BLDG ROOM 

R4 2012 


Reference: TRW IOC 67-3302.8-1, "Guidelines for Handling and 
Installation of Thermal Control Test Specimens on 
AS 258" from H. J. Harris to H. I. Leon, dated 
20 January 1967. 

CSM 103/LM3 mission objective P 17.10 calls for the recovery of 
thermal control and optical materials samples from the exterior of the 
CSM and LM during EVA. The effort involved in the sample recovery por- 
tion of this task can be divided into three phases: 

I. Ground Handling - Pre-Flight 

a) Sample preparation 

b) Mounting provisions 

c) Protection prior to installation 

d) Measurement of thermal properties 

e) Installation of samples on vehicle 

II. Flight Handling 

a) Removal during EVA 

b) Transfer into spacecraft 

c) Storage 

III. Ground Handling - Post-Flight 

a) Remove container from CM 

b) Transfer to TRW 

c) Measurement of thermal properties 

d) Transfer to MSC for further analysis 

Due to the requirement for timely EVA procedures, the recommended 
flight handling procedures are included as an attachment to this memo- 
randum. The recommended ground handling procedures will be completed 
within two months. The reference document presents preliminary infor- 
mation on ground handling requirements. The flight handling procedures 
are based on thermal sample handling requirements as follows: 

1. The sample surfaces must not be touched at any time. 

2. The samples should not be exposed to the cabin environment 

without some means of protection. The sample storage con- 
tainer, while not pressure sealed, has a vapor barrier which 


EXT 

66831 


NARA SW Box E209H-111 


LM RCS PLUME IMPINGEMEOT STUDY 


FINAL REPORT 


Prepared 

by 

W. C. Rochelle 


68.3352.16-26 


19 December 1968 


Approved by: 


~/i} ' - 




R. R. McMurchy, Head 
Heat Transfer Section 


/ 



R. G. PayneV Manager 
Thermodyn^ihics Department 
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67:7224.3-67 


TASK MSC/TRW A-97 


PRELIMINARY INDEPENDENT FLIGHT SOFTrt'ARE 
VALIDATION TEST RESULTS FOR lM-1 MISSION 


30 June 1967 


Prepared By: 

C. W. Clark 
J. R. Henson 
J. B. Hill 


Approved By: VO 

VM J. /flenk 


Assis■t^aht Manager for Software 
Guidance & Control Department 
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D. W. VernoQ 


INTEROFFICE CORRESPONDENCE 


cc: Distribution 


SUBJECT; 


DPS SVEAD :iodel Status 


68,4711.7-147 
DATE: 22 February 1968 


FROM; X. Funada ^ 

BLDG. H3 ROOM 2064 2133 


XbxS iutino ran duni presents a set of s^uawion^ tor sacb of tne 
models currently in use, as well as an index of variable names. 
Currently in use are three (3) different engine models. They are, 
ullage pressure driven model, interface pressure driven model, and 
standard inlet condition model. The index of variable names is 
presented SVE.AD Program value array numerical order, and in variable 
name alphabetical order. 

The set of state variables selected for these engine models are as 


■npc 






follows : 


1) 

Oxidizer weight, tank "1 

2 ) 

Oxidizer weight, tank f'/2 

3 ) 

Fuel weight, tank frl (NF, 

4 ) 

Fuel Weight, tank ;?2 (WF: 

5 ) 

Percent throat erosion 0 

6 ) 

Oxidizer ullage or inter. 

7 ) 

Fuel ullage or interface 

8 ) 

Tnrottle actuator voltag. 

9 ) 

Miscellaneous Wei gh t (NT! 

10) 

Thrust coefficient bias 

ATF:bm 
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Distribution 
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R. K. M. Seto 
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TOt 


John P. 



INTEROFFICE CORRESPONDENCE 

68.4711.8-69 

cc: Distribution oate; February 26, 1968 


T: Impulse Due to FITH ABORT SEQUENCE 



FROM: R. K. Seto 

BLOG, H3 ROOM 2077 EXT. 2830 


The enclosed study analyzes the impulse given to the ascent stage attributed 
to the "open breech” effect occurring during the FITK abort. The analysis is 
based on 4V data from measurement number GG OOOIX gathered during DPS 2, DPS 3/APS 1 
and APS 2 burns. It was calculated that an impulse of 661 t 200 lb-sec occurred 
at spacecraft separation. 
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TO: D. W. Vernon 


INTEROFFICE CORRESPONDENCE 


CC: 


68.4711.8-93 
DATE: 28 March 1968 


SUBJECT. DIS Engine Performance at the Specification 
Limits of Operation 


FROM: R. K. M. Seto 
BLDG h3 ROOM 2077 EXT, 


Reference: GAEC DPS Engine Specification, LSP-270-2B. 


Enclosed is a brief study to determine the lowest expected 
DPS engine performance when the system is operating with the 
worst combination of engine interface conditions within their 
allowable limits as presented in the engine specification 
(Reference) , The study was conducted for a typical lunar 
mission duty cycle (LMDC) assuming the current LM-3 space- 
craft weights and a modified LM-1 DPS engine (S/N 1026). 


Even though the results are generally favorable, it 
should be realized that the probability of the combination 
of study conditions is rather remote, such that the study 


might be considered a worst case. 
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TO; B. C. Hopkins 


interoffice: correspondence 

R. Ellison 
D. W. Vernon 


68.471L.8-98 
DATE: 5 April 1968 


SUBJECT; SPS, DPS, APS aiid LM/RCS Propulsion Data Review 


FROM: P. H. Janak 
BLDG. ROOM 2077 


EXT. 


2839 


Reference: AVO from G. Holland, "Data Package/Task 6E Operations Data Books," 
dated March 26, 1968. 

The following are the results of the requested (Reference) data review. The 
four systCTiS (SPS, DPS, APS, and LM/RCS) are reported on in separate t:odules 
for ease of usage. To elininate repetitive staten-ents the following code 
was adhered to while reporting on each item: 

A. If there is data readily available (as observed by this writer) to 
validate or satisfy a data requirement: 

1 (Reference Y - XX Branch) 

The reference is the source document. Since there is no guarantee 
tnat this is the latest and/or official data the cognizant MSC 
organization is also listed. 

B. The data is not readily available (to tliis writer’s knowledge) and 
should be requested from the cognizant MSC organization, who may 
not have it immediately available either: 

2 (XX Branch) 

C. The data is not readily available to the writer, but the probability 
is high that the cognizant MSC organization has it on hand: 

2 (XX Branch) , 3 

Specific recommendations have also been made as to the manner of developing the 
requested data in many cases. This writer believes that the mission data 
books should contain nominal data (data of the mean engine) and engine-to-englne 
dispersions whenever possible. For most of the subject data requirements, 
such information can best be obtained from math models characterized to the 
nominal engine systems (as an example thrust versus inlet pressure). Hcov-ever 
some items, out of necessity, must be represented by typical (rather than 
nominal) test results. An example would be a valve postion/sensed pressure 
history curve. Ideally the typical test results will approach the statistical 
mean. In many cases there will not be enough tests of hardware at this time; 
thus the data of a unique system must be used. 

Approved: 

Tohn P. Aha, Head 
Performance ^jaalvsis Section 
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Enclosure A to TRW Letter 

68.6520.3.3-82 



FROM: Janak 

BLDG, h-3 2077 2839 


rences: 1) Discu''sion with Dr. K. Cox, Read, Sy?;tc-r.s Analysis Section, Guidance 

and Control Division, concerning SI'S Transients. 

2) MSC Mamoranduin EG27-6S''90, "Simulator Discrepancy Report," dated 
2 April 196S. 

3) IOC 68.4711.8-94, "Block II SPS Engine Transient Da.ta," dated 
29 March 1958. 

4) Task 6E, CS.M Data Book Draft. 

L- 5) Discussion with J. A. Wood, Assistant SPS Suhsysten Manager, 

1 ■ 22 April 1968. 

A discussion with Dr. K. Cox (Reference 1) revealed the need for accurate 
SPS transient data for guidance and control analyses; both with regard to total 
impulse and general thrust time trend. The discussion brought to light an apparent 
discrepancy in nominal Impulse values used by the. ML 101 simulation (8981 Lb-sec) 
and the command module computer (11,400 Ib—scc) . This discrepancy is discussed 
in Reference 2. Reference 3 presents a TRW analysis of SPS transients while 
Reference 4 presents the data presently incorporated by NR in the CSM/LM Space- 
craft Operational Data Book Draft. All the above data is presented in Enclosure 1 
for comparative ease. Although the data in Reference 4 was presented as a band, 
for convenience the average of the band was considered to be the mean and the band 
to be a In dispersion about it. The enclosure shows that in view of the limited 
data available for analysis References 3 and 4 give excellent agreement (TRW and 
eSM Data Book). The 101 simulation agrees well on decay impulse also, while 
Che CMC number is substantially larger. It seems apparent Chat this is because 
the later number is an estimate of total impulse out to the end of thrust decay, 
while the previously discussed numbers are to the 10% point. 

After comparing the data both the writer and the SPS Subsystem Manager 
(Reference 5) agreed that the data of R^erence 4 should be utilized by all 
concerned, since it is presented in the official data book and appears to be 
quite realistic. Also presented in Reference 4 is a typical buildup and. decay 
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SPS OVERSHOOT PHENOMENA STUDIES 

1. 68 . 4711 . 8-194 » "SPS Overshoot V' Ive Time Correlation, 
dated 9 September 1968. 

2. 68.4711.8-202, "SPS Overshoot Observed from Flight 
and Static Test Data," dated 18 September 1968. 

3. 68.4711.8-206, "3a Band for SPS Dual Bore Starts," 
dated 2 October 1968. 

4. 68.4711,8-213, "3a Band for SPS Single Bore Starts," 
dated 21 October 1968. 
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TRW SYSTEMS 


TO. 


B. C. Hopkins 


IfsITEROFFICE CORRESPONDEMCE 

cc 2* R* Ellison 


68. 6374.5. J-00.3 
date 11 April 1968 


SUBJECT Review of FCD Requested Data 

for Inclusion into the Operational 
Data Books* 





BLDG h-2 room 2084 ext. 2004 


Reference: AVO ’’Data Package/Task 6E Operations Data Books" froir. 
G. iiolland to Distribution, data March 26, 1968. 


Per your request in tl-.e reference, the subject document has been reviewed 
and the followinc comnents are submitted concerning ECS related data 
availability. 

General 


It is apparent from the following list of data requirements that there is 
an enormity of ECS data requested. It reflects an "all of everything 
philosophy". Much of the data is presently not available; it is net in the 
form requested nor is it validated. It is estimated that the effort required 
to compile this data would take more chan 10 man years, not including the 
manpower requirements for additional testing. However, much of the data 
requested is specifically applicable to hardware design studies and would be 
of questionable value as regards operational information. 


In order to achieve creditable results on this task, it is necessary to: 

1) define the intended use of the data, 2) establish a consistent set of 
ground rules governing the use of the data, 3) generate a new list of 
requirements which is consistent with steps 1 and 2, 


Data Requirements 


Status /Comments 


Section II - Data table, CSM There is a sparse scattering of data on 

thermal constraints for cold- S/C electrical equipment for thermal 

plated equipment. loading; temperature operating limits, 

and temperature rise rates with loss 
of cooling. The MMDB , at present, con- 
tains data and cycling procedures on 
the inverter units but with respect to 
all other coldplated equipment there are 
no valid data sources. Tests have been 
performed for specific mission vehicles, 
but this data has not been documented. 
Valid data must be obtained by task 
assignment from ASPO, 


* This review reflects TRW input only. Due to the large quantity of ECS data 
to be considered there has been Insufficient time to coordinate the results 
with the cognizant MSC ECS authorities. However, coordination is being accomp- 
lished concurrent with this submittal. 
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TRW SYSTEMS 


TO 


SUBJECT: 


M. Green 


INTEROFFICE CORRESPONDENCE 

cc: See Distribution 


68.6374.5.2-001 
DATE: 9 January 1968 


ECS Radiator Panel Isolation 
for AS 205 (ASPO Task 61) 


( 2 '^- 


FROM : P • 
BLDG H-3 


raf/C. Leavitt 
irtM 2046 e: 


2848 


Background 

To determine the degree of ECS radiator coating degradation, a test 
objective has been written for the first manned Apollo mission that 
requires a CSM attitude hold with one radiator isolated and broadside 
to the earth. The radiator isolation requirement has produced ques- 
tions about the isolated panel condition e.g., will the panel freeze? 
Could the panel be opened periodically to make sure it has not frozen? 
How long must the panel be open before there would be a positive re- 
sponse on spacecraft instrumentation? 

Discussion 


An analysis of the isolated panel was performed using the LTV transient 
radiator computer program. The following conditions were used for the 
analysis ; 

° 100 N.M. earth orbit with ECS radiator panel No. 1 isolated and 

broadside to the earth. 

® The radiator coatings were assumed to be undegraded. This pro- 
vides worst case condition for freezing. 

“ Panel one was isolated for four orbits after which the panel was 
opened to determine recovery time (an orbit begins at the subsolar 
point) . 

® Glycol heat load was approximately 6000 BTU/HR. 

The earth facing isolated radiator panel will not freeze. Figure one 
shov.’s the fluid temperature in the radiator tubes near the end of the 
fourth orbit (5.54 hours). This is the coldest period during the test. 

Figure two is fluid temperature verses time of the smallest diameter 
selective stagnation tube taken near the outlet. This shows the re- 
sponse of the coldest portion of the radiator from the time the panel 
is shut off to more than one orbit past the time the panel was turned 
back on. At no time does the fluid temperature drop to freezing. 
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68.3302.4-10 
Re: Task E-66 


26 March 1968 


Xational Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: Mrs. D. B. Lee, ESS 

Subject: Submittal of Technical Memorandum, "Apollo Heat 

Shield Entry Heating Rates" 

Gentlemen : 

Enclosed is the subject TRW Systems technical memorandum which summarizes 
work accomplished in support of E&DD Task E-66. 

A summary is presented for analytical development of the inverse solution 
for heat flow in the Apollo ablative heat shield. The approach was to 
utilize measured indepth temperature data and to derive the net heating 
rate at the ablator surface assuming negligible energy transfer interior 
to the heat shield from gases or reaction products. This analysis is 
expected to provide useful heating rate data in regions of relatively low 
heating, e.g., on the aft conical section of the vehicle. 

A computer program has been developed for solving the inverse problem and 
is operational at Houston Operations. This program will be utilized in the 
correlation of measured Apollo entry heating rates. This solution technique 
could be extended for more general use to include ablation and ablation 
products, if desired. 

Very truly yours. 





R . G . P 
Task E-66 


anager 





/'V' 

I. Leon, Manager 
Apollo Engineering Analysis 


Project 


RGP/jbra 

Enclosure 
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TRW No. 68-6500.1-108 
Re: TaskE-79 

9 September 1968 


National Aeronautics & Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 


Attention: Mr. J. N. Kotanchik ES 

Subject: Biweekly Status Report, 

Saturn V POGO Analysis 


Gentlemen: 

Attached is the Biweekly Status Report, Saturn V POGO Analysis for the 
period ending 6 September 1968. 

Stability analysis of the AS 503 vehicle has been updated during this period 
to include the latest available structural mode data and latest engine feed 
system dynamic characteristics. 

Sincerely yours, 

A. Rasumoff, Manager 
Task E-79 

6. i. Leon 

AR/nm Apollo Engineering Analysis Project 

Attachments 

cc: R. Albon(PP7) 

R. V. Battey (PD) 

J, A. Chamberlin (EAl) 

Document Distribution (BF66) 

W. R. Downs (ES) 

R. P. Parten(FM13) 
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TRW No. 68-6510.2.34 
31 May 1968 


National Aeronautics and Space Adtniniscration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: Mr. J. N. Kotanchik, ES 

Subject: Weekly Status Report, Saturn V 
POGO Analysis - Task E-79 


Gentlemen : 

Attached is the Weekly Status Report, Saturn V POGO Analysis, for the week 
ending 24 May 1968. 

The major activity at this time continues to be a review of the MSEC Govern- 
ment Furnished Data (GFD) for the determination of the basic data necessary 
for the derivation of the analytical model. 

Yours very truly, 

H. 1. LEON, Manager 

Apollo Engineering Analysis Project 


HTL :dan 
Attachment 


cc : Ralph Albon (PP7) 

R. V. Battey (PD) 

R. P. Par ten (FM13) 
Document Distribution 
W. R. Downs (ES) 

J. A. Chamberlin (EAl) 


(BF66 
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TW No. 68-6510.2.39 



10 June 1968 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention; Mr. J. N, Kotanchik, ES 

Subject: Neekly Status Report, Saturn V 
POGO Analysis - Task E-79 


Gentlemen : 

Attached is the Weekly Status Report, Saturn V POGO Analysis, for the week 
ending 31 May 1968. 

The major activity at this time continues to be a review of the MSEC Govern- 
ment Furnished Data (GFD) for Che determination of the basic data necessary 
for the derivation of the analytical model. 


Yours very truly, 



H. I. LEON, Manager 

Apollo Engineering Analysis Project 


HIL:dan 

Attachment 


cc : Ralph Albon (PP7) 

R. V. Bactey (PD) 

R. P. Parten (FM13) 
Document Distribution 
W. R. Downs (ES) 

J. A. Chamberlin (EAl) 


(BF66) 
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TRW No. 68-6510.2.40 


13 June 1968 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: Mr. J. N. Kotanchik, ES 

Subject: Weekly Status Report, Saturn V 
POGO Analysis - Task E-79 

Gentlenen : 


Attached is the Weekly Status Report, Saturn V POGO Analysis, for the week 
ending 7 June 1968. 


The major activity at this time is the finalizing of the analytical model 
with the latest propulsion system data, and the performance of stability 
analyses of the nominal Apollo Saturn Space Vehicle System during Stage I 
flight . 


Yours very truly, 



H. I. LEON, Manager 

Apollo Engineering Analysis Project 


HIL:dan 

Attachment 


cc: Ralph Albon (PP/) 

R. V. Battey (PD) 

J. A. Chamberlin (EAl) 

Document Distribution (BF66)^^'''*'^ ' 
W. R. Downs (ES) 

R. P. Parten (FM13) 
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TRW No. 68-6510.2.45 


28 June 1968 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: Mr. J. N. Kotanchik, ES 

Subject: Weekly Status Report, Saturn V 
POGO Analysis - Task E-79 

Gentlemen : 


Attached is the Weekly Status Report, Saturn V POGO Analysis, for the week 
ending 21 June 1968. 


The significant results of last week’s activity are (1) the parametric anal- 
yses to show the effect of changes in modeling of the oxidizer line bubble 
compliance, and (2) an analysis to show the effect on the stability gain 
margins of where the loop is opened, e.g., at the engine thrust or at the 
total force on the structure. Changes in the bubble model between that of 
Rocketdyne and MSEC were not too significant (within 2 db) except at 
t = 140 secs where a difference of 10 db was obtained. The effect on system 
gain of where the loop was opened was significant, as shown on Figure 1 of 
the status report. 


Yours very truly, 



I. LEON, Manager 

Apollo Engineering Analysis Project 


HILrdan 

Attachment 


cc : Ralph Albon (PP7) 

R. V, Battey (PD) 

J. A. Chamberlin (EAl) 
Document Distribution 
W. R. Downs (ES) 

R. P. Parten (FM13) 


(BF66) 


.7 V>--- 


HOUSTON OPERATIONS 

. \ 

J ^ 

/ 




c 


J- 


NARA SW Box E209H-112 



TASK NO. E-79, "ANALYSIS OF APOLLO 
SPACECRAFT/ SATURN V POGO 
WEEKLY STATUS REPORT, WEEK ENDING 14 JUNE 1968 


During the subject week POGO stability analyses were performed of the 
basic Apollo Saturn Space Vehicle at the following times of Stage I 
flight ; 

t = 0, 20, 60, 90, 120 and 140 seconds 

The calculated system gain at zero phase is shown plotted versus time 
of flight on Figure 1. Nominal values were used to represent the 
structure and propulsion system characteristics. Structural mode shapes 
and frequencies were calculated, where required, from tlie structural/ 
dynamic model furnished by MSFC. Propulsion svstem data obtained from 
MSFC was supplemented by data provided by Rocketdyne, Canoga, as 
described in Attachment 1. 

As mav be seen from Figure 1, instability is shown in the region from 
t = 80 secs to t = 140 secs. 

Based upon our analysis of the available data, and as discusst'd in Attach 
mcnt 2, it appears that large variations may exist in some of the 
important propulsion system characteristics, such as tlie suction line? 
compliance and tiie pump cavitation gain. Therefore, next week's activity 
will include a parametric study of the effect on system stability of 
variations in these and other propellant and propulsion system para- 
meters. Finalization of the analytical model. Milestone No. 2. will also 
be accomplished during next week. Tn addition, 'iRW will continue model in 
the two fixes presently being considered by MSFC; ttiat is, (1) helium 
injection into Che oxidizer suction line, and (2) the use of t!ie oxidizer 
prevalve as an accumulator using helium gas in ttte prevalve cavity. 


lcI tv 

A. Rasumoff 
TRW Task Manager 



Attachment No. 1 - "Information Supplied 
to TRW for POGO Investigation," from 
B. F. Piper, Rocketdyne 

Attachment No. 2 - TRW IOC 68.4711.5-105 
"Test Deviations in F-1 Turbo-Pump 
Performance Parameters," to 
J. H. Walker 
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28 June 1968 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: Mr. J. N. Kotanchik, ES 

Subject: Weekly Status Report, Saturn V 
POGO Analysis - Task E-79 

Gentlemen : 


Attached is the Weekly Status Report, Saturn V POGO Analysis, for the week 
ending 21 June 1968. 


The significant results of last week's activity are (1) the parametric anal- 
yses to show the effect of changes in modeling of the oxidizer line bubble 
compliance, and (2) an analysis to show the effect on the stability gain 
margins of where the loop is opened, e.g., at the engine thrust or at the 
total force on the structure. Changes in the bubble model between that of 
Rocketdyne and MSFC were not too significant (within 2 db) except at 
t = 140 secs where a difference of 10 db was obtained. The effect on system 
gain of where the loop was opened was significant, as shown on Figure 1 of 
the status report. 


Yours very truly, 



jVzH. I. LEON, Manager 

Apollo Engineering Analysis Project 


HIL : dan 
Attachment 


cc : Ralph Albon (PP7) 

R. V. Battey (PD) 

J. A. Chamberlin (EAl) 
Document Distribution (BF66 
W. R. Doims (ES) 

R. P. Parten (FM13) 
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68.6520.3.2-09 
26 January 1968 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention; T.W. Holloway, CF34 

Flight Crew Support Division 

Subject: Task ASP0-49A, Transmittal of Informal Technical Report 

Gentlemen: 

The attached informal technical report is forwarded in fulfillment of 
Subtask 49A.2.14, EPS Consumables Interface Data. 


Yours very truly, 



Distribution: 


W.R. Kelly, PP7 
R.V, Battey, PM3 
J.P. Bryant, FM13 ' 

W.R. Morrison, PM3 
Document Distribution, PA2 
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68.6S20.4.1-32 
Rc ; Task E-64 

19 April 1968 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: Mr. J. C. Dallas, EE3 

Instrumentation and Electronic Systems Division 
Building 14, Room 109 

Subject: Task E-64, Apollo Electromagnetic Compatibility 

Analysis 

Gentlemen : 

Attached are four (4) copies of the Apollo EMl/EMC Test 
Schedule Report. This material has been compiled to serve as a 
basis for system electromagnetic compatibility test planning. All 
known sources (MSC, MSFC, KSC, NR, and GAEC) have been interrogated, 
and Che information obtained is thought to be accurate. Six Important 
areas (e.g., EMU test schedules) have been identified as requiring 
additional (possibly new) data for program purposes. 

This information will be used in our mission EMC report 
planning and EMC test recommendations. As additional information 
related to EMI/EMC and integrated .system testing is received, this 
document will be revised. 

TRW SYSTEMS HOUSTON OPERATIONS 



E. L. Kells, Manager 
Task E-64 




iS : ELK : go 
Attachments 


(4) 


Approved : 






H. I. Leon, Manager 
Apollo Engineering Analysis 


Project 


cc: R. V. Battey/PD 

J. A. Charaberlin/EAl 
W. R. Kelly/PP7 
R. P. Parten/FM (2) 

L. Packham/EE 

Document Distribution/BF66 (2) 
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68.6520.4.1-90 
Re: Task E-64A 

27 September 1968 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: Mr. J. C. Dallas, EE 

Instrumentation and Electronic Systems Division 
Building 14, Room 109 

Subject: Transmittal of Data Definition Report~TRW Report 1117 6-HO43-R000 

Gentlemen: 

Attached is TRW Systems* Data Definition Report. The 
collection and review of applicable data for the CSM and LM electro- 
magnetic compatibility analysis has been a major effort within this 
task. 


The data received and reviewed to date have been adequate 
to describe the CSM and LM interconnections and functions. In all areas, 
except the G&C subsystems, there has not been sufficient data available 
to firmly define signal characteristics and interface circuit impedances. 
The EMC analysis is impaired in its accuracy by the lack of such data. 
Engineering assumptions must be made where these data are not available. 
For Apollo systems, other than the CSM and LM (i.e., S-I and S-V, lU, 
ALSEP, and ACE), TRW has not been able to obtain any data except for 
CSM and LM LCD’s, and requires information similar to that used in the 
analysis of the CSM and LM- Efforts are continuing to obtain data in 
the above areas. 




: ELK: pm 
Attachment 


TRW SYSTEMS 



E. L. Kells, Manager 
Task E-64A 


Approved: _ 



Leon, Manager 
Apollo Engineering Analysis Project 


cc: R, Albon/PP7 

R. V. Battey/PD 
J. A. Chamberlin/EAl 
R. P. Parten/FM13 (2) 

/Document Distribution/BF66 (2) 
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68.4711.4-43 
DATE: 27 March 1968 


TRW 

SVSTEmS OltOUP 

INTEROFFICE CORRESPONDENCE 

cc file 


FROM: C. S. Powers 

BLDG MA1LSTA. EXT. 

01 1180 64042 


REFERENCE: (1) TRW IOC 66.4711.5-56, ’’Magnitude of the Zero Gravity Can 

Manometer Effect," by Bernard Siegel, dated 7 December 1966. 

(2) TRW TOR 05952-6116-1000, "Service Propulsion System Pro- 
pellant Utilization and Gauging System Simulation," by 
Bernard Siegel, dated 27 January 1967. 

(3) TRW IOC 68.4711.4-15, "ORACLE-MAFT A User’s Manual: VII, " 
bv M. W. Alford, C. S. Powers, dated 30 January 1968. 


In the course of the development of ORACLE-MAFLA, a number of runs were made 
to determine the characteristics both of the Apollo Service Propulsion System (SPS) 
model and of the MAFIA minimum variance algorithm. Since these runs produced in- 
formation relevant to users of 0RACLE-;L\F1A , a selection of various cases will be 
documented in this memorandum. Two multiple case runs. Runs 11 and 21, will be 
discussed. 

There is no significance to the run numbers, but because verbal discussions 
have been held about these two runs, this memorandum will retain the original desig- 
nations. These two runs were actually made in Houston on the UNIVAC 1108. Without 
the assistance of Ezra Joseph, this study could not have been performed. These runs 
whicn consisted of multiple cases had to be run in groups of a few cases each and 
produced massive amounts of output. Ezra and Cliff Curtis endured the pain and 
frustration associated with trying to obtain such a high volume of production from 
heavily loaded computers and their iielp is gratefullv acknowledged. 


Selected Results from ORACLE-MAFIA 
Sensitivity Studies 
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TO W.L. Steele 


INTEROrPlCE CORRESPONDENCE 


68-7236.10-5 
date 25 March 1968 


SUBJECT Single Site Visibility Studies, Task E-71: 
Preliminary Report on Site Il-P-2 


R.A. Shea 
FROM K. Ziedman 
BLDG S mailsta2180 ext. 66775 


Summary 


This report presents the results to date on selection of landmarks for 
Site II-P-2. Since the last report (on Site II-P~8) was issued, a Calcomp 
program to produce perspective plots has been completed and was used for the 
present study. Ttie analysis for Site II-P-Z was performed for two launch 
dates, chosen to represent extremes of sun elevation angles and as large a 
range of approacii azimuths as possible witliin the sun angle range constraint. 
Tlie two conditions were: sun angle 13®, approach azimuth 86® and sun angle 
6®, approach azimuth 102®. The results indicate, that: 

(1) For the 6® sun angle case, a set of about eight primary landmar. 
suffices to locate the landing point anywhere within tlie 99% ellipse. 

(2) Many of the primary landmarks may not be visible for the 13® sun 
angle case because they fall in the washout area. 

(3) Almost all of the important landmarks fall outside the 99% ellipse, 
consequently 


o little information is available to indicate a touchdown X’Jithin the 

50% ellipse 

and 

o models for landmark recognition, if they are to be useful, must 
include areas outside the 99% ellipse. 



K. Ziedman 
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TO 


W. L. Steele 


INTEROFFICE CORRESPONDENCE 

68-7236.10-8 

cc- DATE. 10 May 1966 


Single Site Visibility Studies, Task E-71> 
Preliminary Report on Site II-P-I3 


FROM: RA Shea and K Ziedman 


BLDG M AIL ST A. EXT. 

R3 2001 66775 


SUMMARY 

This report presents preliminary results on visibility of landmarks 
for Site II-P-13* Sun elevation singles of 6^ and 11-5° and a single 
approach azinaith of 88^ were assumed. This site possesses a greater 
number and more distinctive landmarks than the two sites previously 
examined, II-P-8 and II*P-2, and the maximuin sun angle has less 
affect on landmark visibility than for the other sites. In addition, 
a large crater, Maestlin G, is visibile through the right LM window 
which can provide general orientation information at the maximum 
sun elevation for a landing einyvhere in the 991^ ellipse. As for 
previous sites, however, the primary landmarks fall outside the 
99^ ellipse area and many downrange landmarks fall in the washout 
region for the high sun angle condition. 


Richard A. Shea 



Kenneth Ziedman 
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68:7250.5-4 
Re : Task E-74 


16 September 1968 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: Mr. D. W. Gilbert 

Subject: Discrepancy Report Status (5 September 1968) 

Gent! emen : 

Attached are the minutes of the 5 September 1968 Bi-weekly Discrepancy 
Report Meeting. Advance copies of the attachments have been submitted to 
your office . 

A Status Summary report has been included to summarize the current 
status of 70 LM SUNDANCE discrepancies and 37 LM-AGS discrepancies. Those 
discrepancies that have been changed, closed and/or opened since the previous 
meeting have been noted in Che Status Summary report. 

This documentation was prepared under Che Discrepancy Report Analysis 
and Documentation Task Item of Task E-74. 


Very truly yours, 

John T. Blake 

Task Manager, Task E-74 


Approved : 





•;r. L. Coffman,' 'Assistant Project Manager 
Apollo Engineering Analysis Project 




JTB : JLC 


Attachment : 

Distribution: Ralph Albon ( PP7 ) 

R. V, Battey (PD) 

R. P. Parten (FM13) 

Document Distribution (BF66) 
D. C. Cheatham 
*J . A. Chamberlin (EAl) 

R. G. Chilton 


^Without Attachment 
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68:7250. 5-6 
Re : Task E-74 


19 September 1968 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

-Attention: Mr. D. W. Gilbert 

Subject: Discrepancy Report Status (19 September 1968) 

Gent 1 emen : 


Attached are the minutes of the 19 September 1968 Bi-weekly Dis- 
crepancy Report Meeting. 

These minutes include a summary of the current status of 27 LM 
SUNDANCE, 20 l.M-AGS, 2 LM-LUM and 3 N'R discrepancies that have been 
chanued, closed and/or opened since the previous meeting have been noted 
in the Status Summary report. 


This documentation was prepared under the Discrepancy Report 
Analysis and Documentation Task Item of Task K-74, 




Verv truly vours. 

John T. Blake 

Task Manager, Task E-74 


Approved : 


J. I,. Col'fman, Assistant Project Manager 
Apollo Engineering .Analysis Project 


.ITB : j.s 
At C ac 'nment 

Distribution: Mr. Ralph Albon (FP7) 

Mr. R. V. Battey (PD) 

Mr. R. P. Par ten (FM13) 

. Document Distribution (BF66) 
Mr. D. C. Cheatham (EG) 

Mr. j. 7. . Cliamberlin (EAl) 
Mr. R. G. Chilton (EG) 
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68:7250.5-9 
Re : Task E-74 


2 October 1968 


National Aeronautics and Space Administration 
Manned Spacecraft Center 

Houston, Texas 77058 ^ 

'A 

Attention: Mr. D. W. Gilbert (EG27) 

Subject: Bi-Monthly Hybrid Simulator Discrepancy Status 

(October 1 , 1968) 

Gentlemen : 

Attached are the updated NAR SUNDISK-lOl , GAEC SUNDANCE/AGS LM-3 
and GAEC LUMINARY Discrepancy Report Status sheets as of 1 October 
1968. Advance copies of the attachments have been submitted to your 
office . 

A Status Summary has been included to summarize the current status 
of 29 CSM-101 SUNDISK, 69 LM3 SUNDANCE and 38 LM-3 AGS discrepancies. 

This documentation was prepared under Che Discrepancy Report and 
Analysis and Documentation Task Item of Task E-74. 


Very trul_jr yours. 

/■John T. Blake 
Task Manager, Task E-7 


Approve^ 




74 
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J. L. Coffman, Assistant Project Manager 
Apollo Engineering Analysis Project 




JTB: js 
Attachment 
Di str ibut ion 
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*Mr . Ralph Albon (PP7) 

*Mr. R. V. Battey (PD) 

*Mr. R. P. Parten (FM13) 
Document Distribution (BF66) 
Mr. D. C. Cheatham (EG) 

*Mr. J. A, Chamberlin (EAl) 
*Mr . R. G. Chilton (EG) 

^Without Attachment 
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68-725 l-HF-25 


TASK E-59A 


ANALYSIS OF SPACECRAFT/GROUND 
COMMUNICATION SYSTEM TEST REQUIREMENTS 
AND DATA EVALUATION 

2TV-1 S-BAND EQUIPMENT 
TEMPERATURE MEASUREMENTS 


for 

SUBTASK E-59A-EB2-02 

by 

TRW SYSTEMS GROUP 





H. D. Freeman, Manager 
Task E-59A 


D. Bartholomew, Manager 
!SD Work Package 


J. DeVillier, Manager 
Communication and 
Instrumentation Department 
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68:7252.1-99 
Re: Task E-74 


1 July 1968 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: Mr, D. W. Gilbert, EG27 

Subject: Discrepancy Report Status (28 June I 968 ) 

Gentlemen: 

Attached are the updated status sheets incorporating the disposition of 
the 28 June 19c8 Weekly Discrepancy Report Meeting. Advance copies of 
the attachments have been submitted to your office. 

A Status Summary report has been included to summarize the current status 
of 45 IM-DAP and 7 LM-AGS discrepanci.es and 23 NR-101 discrepancies. 

Those discrepancies that have changed, closed and/or opened since the 
previous meeting have been noted in the Status Summary report . The appendix 
contains the background documentation of the new discrepancies received 
since the previous report. 

This documentation was prepared under the Discrepancy Report Analysis and 
Documentation Task Item of Task E-74. 




Approve4;„ 

L. Coffman, Assistant Project Manager 
Apollo Engineering Analysis Project 
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Distribution: Ralph Albon (PP7) 

R, V. Battey (FD) 

R. P. Parten (F^a3) 

Document Distribution (BF66) 

D . C . Cheatham (EG) 

*J . A. Chamberlin (EAl) “i’T-Fr'C 
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68:7252.1-109 
Re: Task E-74 


23 July 1968 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 


Attention: Mr. D. W. Gilbert, EG27 

Subject: Discrepancy Report Status (I 8 July 1968) 

Gentlemen: 

Attached are the updated status sheets incorporating the disposition of 
the 18 July I 968 Weekly Discrepancy Report Meeting. Advance copies of 
the attachments have been submitted to your office. 

A Status Summary report has been included to summarize the current status 
of 63 LM-DAP discrepancies, 7 LM-AGS discrepancies, and 28 CSM-101 discrep- 
ancies. Those discrepancies that have changed, closed and/or opened since 
the previous meeting have been noted in the Status Summary report. 

This documentation was prepared under the Discrepancy Report Analysis 
and Documentation Task Item of Task E-74. 


Very truly ^__^urs, 



Task Manager, Task E-74 
Apprgve^ 

^J . L. Coffman, Assistant Project Manager 
Apollo Engineering Analysis Project 
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-''-J . A. Chamberlin (EAl) 

R. G, Chilton (EG) 
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68-7236.10-004 

W.L. Steele cc- e.L. Dean date. 6 March 1968 

L.G. Summers 
C.V. Walker 
A.Z. Weisz 

K. Ziedman 

Lunar Visibility Study, Task E-72: from R.A. Shea 

Preliminary Report on Site II-P-8 S ma.lsta. 2180 ext,66775 


SUMMARY 

This report presents the resuJ.ts to date on the selection and identi- 
fication of landmarks for Apollo site 11— P—8. The techniques used in the 
analysis and the goals of this task are described also. The selection of 
landmarks is based on the following: 

o Appearance and patterns of surface features as shown in vertical 
and oblique Orbiter photography. 

o Feature patterns as shown in out-of-the window views (perspective 
plots) . 

0 Visibility considerations, 

o Availability of landmarks during descent and for different landing 
points . 

Results for Tl-P-8 indicate tliat anticipated approach azimuths do not 
strongly affect choice of landmarks, either for their effect on patterning 
or on visibility of features. Sun elevation angle is a significant factor; 
the maximum elevation angle for II-P-8 is about 11° resulting in several 
otherwise useful features falling in the washout zone. A preliminary set 
of landmark features and patterns has been identified for this site. These 
patterns are useful for general orientation in the landing area and for 
locating the actual landing site with respect to the nominal. 

Due to the unexpected large number of features that had to be examined, 
it was found necessary to develop a computer program to produce the per- 
spective plots. This has delayed a complete analysis of II-P-8; however. 
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68:7252.7-206 


DATE. 12 March I968 


SUBJECT 


Revision of "AS-501 Guidance, Navigation and 
Control System Flight Test Analysis Plan" 
Commensurate with the requirements of the 
AS-502 Mission 


FROM : 



K. Thompson 


BLDG H3 


MAIL ST A 


.1022 


EXT . 2721 


References: TRW Letter 68:7252.7-101 and enclosure, TRW Interoffice Correspondence 
68:7252.7-97 dated 22 February 1968 and 20 February I968 respectively. 

The AS-501 Test and Analysis document has been revised in the following manner in 
order to reflect the requirements of the AS-502 Mission. 

Section 1. Introduction 

1.1 Purpose 

1.2 Scope 

1.3 Summary and Critique 

Delete references to AS-501 and substitute AS-502 

Section 3- Mission Description 

Title changed to Mission Summary and 
section rewritten per enclosure. 

Section 4. Date Handling and Processing 

4.1 Instrumentation Lists 

4.2 Processing Requirements 

4.3 Special Programs 

Change paragraph 4.3*3 in accordance with the 
following: 

AO 
A1 
A2 
A3 
A4 
A5 
A6 


^ -rO. 4529348 deg. 

+0.3468604 deg/sec. 

* -HD.898342axlO“2deg/sec2 

- -0.2263229X10-3de^sec3 

- T0.3907699X10-5deg/sec4 

- -0.331727X10“7deg/sec5 

- -iO. 10027523 Q 0 ' 9 deg/sec^ 
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68:7252.7-237 


4 April 1968 


SUBJECT Preliminary Review of PCD Requested Data for 
Inclusion into the Operational Data Books. 


FROM Snygg 

9LDG H3 MAILSTA. 1022 EXT. 2055 


Reference: AVO dated 26 March 1968 from G. Holland, "Data Package/Task 6E Operations 
Data Books" . 

The data package originated by the PCD has been reviewed by T. Combs, R, D. Miller, and 
A. J. Snygg of the G&C Department and comments and recommendations are attached. 

These ^ comments are submitted as preliminary Information only in order to meet the delivery 
deadline and to serve as a "talking paper" on which to base formal recommendations. Our 
comments are based on the assumption that the requested data is to be used during launch 
and/or flight operations. This assumption must be verified by PCD before our final recom- 
mendations are developed. 


AJS : J s 
Attachments 


SYSTEMS 180 REV. 3—67 


NARA SW Box E209H-114 


TRW 

SYSTIHHS GMOUP 



68:7252.7-256 


INTEROFFICE CORRESPONDENCE 


SUBJECT 


W . L. Steele 


cc 


date. 24 May 1968 



Review of SUNDANCE GSOP/ Inflight 
Compensation and Calibration 


EROM T. A, Phythian 

BLDG H3 MAIL S T A. 1022 EXT. 


Reference: MIT Document "Guidance System Operations Plan for Manned m Earth Orbital 
Missions Using Program SUNDANCE", R557, Section 2, 4, and 5. 


The subjects of this review were inflight IMU compensation and calibration 
1. Inflight Compensation 

compensation involves a set of automated guidance computer functions 
. established to eliminate the effect on IMU performance of certain estimated accelero- 
\ meter and gyro errors. These fxanctions compensate accelerometer output for estimated 
Walues of bias and scale factor errors. Additionally they provide compensating gyro 
torques to elimnate stable member drift induced by estimated values of gyro bias 

certain acceleration— sensitive drift errors. The basic equations related to 
these functions are presented in Subsection 5.6.13 of the reference documents. 

1.1 Correctness 


The equations presented are correct as written. 

1.2 Completeness 

The presentation in Subsection 5.6.13 is somewhat skeletal. In order to complete 
this section for programming purposes, the following material should be added. 

PIPA Compensation: 

Activation - The periods of active PIPA compensation should be specified. In 
particular, the equations presented in GSOP Subsection 5.6.13 are intended for 
implementation at all times when the PIPA output registers (eraseable memory) 
are being sampled periodically. This occurs at half second interval during 
preflight gyro compassing and at two second intervals during all period of 
"Average-g" navigation. During inflight periods in which "Average-g" nav- 
igation is not being performed, the PIPA output is accumulated continuously 
but is not processed. PIPA sampling and compensation inflight is resumed 
two seconds after the computer enters "Average-g" navigation mode. 
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#68:7252.7-306 
Re : Task E-71 
19 July 1968 
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SOFTWARE REQUIREMENTS FOR THE 

APOLLO COMMAND MODULE 



mi PKELAUNCH ERECTION AND GYROCOMPASSING PROGRAM 


Prepared for 

National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 


0 


,7 



Prepared b v y 

T. A. Phythian 

Approved 

T. H. Barrie 
Supervisor 

Systems Test Analysis Section 


Approved by_ 

W. L. Steele 
Task Manager 
Task E-71 




Approved by V 

W; J. Klenk 

Assistant Manager for Software 
Guidance & Control Department 
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68 : 7252 . 7-355 
Re: Task E- 7 L'i 
30 September I768 

FmLlKLMR: 

VERIFICATION TEST PLAN 

PROGRAM COLOSSUS 
(SEi^ECTED RTNCTIONS) 
by 

T. A. Phythjan 
System Test -Hnaiysis Section 
'I’RW Sysi...ems Croupi 
Houston, Texas 


Prepared For: 

Natioiial rt.eronautics aa.i Space Acjidaio'^ ration 
Manned Spacecraft Center 
Houston, Texas 





NARA SW Box E209H-114 


TRW 

SYsrems ghoup 


A 

DKF m 


W. Steele 
Task Manager 
Task E-71 


INTEROFFICE CORRESPONDENCE 


Distribution 


68:7252.8-71 
DATE: 6 March 1968 


SU B J ECT 


Landing Radar Weighting Functions 




EROM Stimmel 

BLDG MAIL 5 T A. 


H-3 


1023 


Reference: 05952-H381-RO-OO, "Approach Terrain Evaluation: Sites II 
P-2, II P-6, II P-8, II P-11, and II P-13'', C. McGee, 15 
January 1968. 


SUMMARY 


The current concept of radar altimeter updating of the LM onboard 
estimated state vector during lunar descent will neglect any information 
available at estimated altitudes greater than 25,000 feet. Because of 
the possibility that radar information will become available at nigher 
altitudes this study was undertaken to determine the effects of a similar 
update weighting function (decreasing linearly with increasing altitude - 
see Figure 1) which would update the state vector at estimated altitudes 
up to 35,000 feet . 

This report explains the similarities and differences in pitch performance 
resulting from the two weighting functions for nominal and worst case 
conditions. The 35K weighting function generally gives better performance 
when radar is available at higher altitudes but worse if not 'unacceptable 
performance when radar data is not available at the higher altitudes. 

Delta V savings up to 34 feet per second were observed in cases where 
radar updating began at 35,000 feet on 1 slopes; Delta V losses never 
exceeded 3 feet per second. 

Also shown are the effects of a similar weighting f’.nction v.bose 
zero value altitude would be set during flight to the value of estimated 
altitude at the time the pilot signals for updating to begin. This 
strategy was found to be unacceptable because with late radar acquisition 
the high gate miss errors were such that the post high gate E-guidance 
solution intersected the lunar surface before reaching the landing site. 
This strategy showed no performance improvement over the 35K weighting 
function with early radar acquisition. 
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68:7252.8-78 


W L Steele 
Task Manager 
Task E-71 


cc Distribution 






DATE. 8 March 1968 


k! 


SUBJECT Review of SQNDAMCE GSOP (Section 5) in the 
Areas Covering P50*s and R50 ’ s 


FRow W Ferry 


H-3 


MAIL. S T A 


1023 


Reference: MIT Document 

"Guidance System Operations Plan for Manned LM Earth Orbital 
Missions using Program SUNDANCE" 

R557, Section 5 - Guidance Equations November 1967 

The conunents listed in this memo resulted from a review of the Reference 
document in the areas covering the IMU Orientation Determination and IMU 
Alignment calculations. The specific areas reviewed were: 

1. Section 5.6.3 - IMU Routines 

2 . Section 5.6.4 - Star Selection Routine 

3 . Section 5.5.4 - Lunar and Solar Ephemerides 

4. Section 5.5.13 - LOSSEM Subroutine 

5. Paragraph 5.6.2 - IMU Alignment Modes 

The review was undertaken without reference to the SUNDANCE flight program, 
and therefore, does not include discrepancies between the two. 

General Comments: 


1. Although the Reference document grves an accurate and detailed 
explanation of the individual IMU subroutines, there is a lack of 
continuity between the various sections. A flow chart of the IMU 
Alignment computations similar to the Rendezvous Navigation 
Computation Logic Diagrami (Figure 2.4-9) indicating subroutine 
sequencing and input/output variables would be valuable in relating 
the functions of the various routines. 

2. The IMU Routines section fails to give the computations associated 
with the Auto Optics Positioning Routine (R-52) . The section 
should indicate whether the gimbal angles required to point the 
optics LOS at the target celestial body are based on a three axis 
or single axis rotation of the LM. 


5 ^ 7 ^:.^ 
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68:7252.8-131 


W. Steele 


cc Distribution 


19 April 1968 


SUBJECT Program Requirements Dociiment (PRD) for 
m PGNCS P 51 (Task E-7I) 


r 5 

FROM: T. Stimmel 


H-3 


MAIL ST A. 


1003 


Attached is the requested draft of the PRD for the LM PGNCS IMU 
Orientation Determination Program. 


TS:jr 


Distribution 


M. Fox 
W. Klenk 
D. Phillips 
W. Ferry 


EXT. 
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DATE: 18 October 1968 


uBJECT Minutes of 17 October Simulator Discrepancy »-rom: l. L. Wilkerson 

Meeti ng BLDG M AIL ST A. EX 

H4 1009 


This report constitutes the minutes of the 17 October SDR Meeting and 
represents the status and recommended action for the NR and GAEC simulator 
discrepancies as of the date of the meeting. These minutes will also be 
used as the agenda for the forthcoming 31 October SDR Meeting. Appendix A 
contains the SDR status sheets for the new NR and GAEC discrepancies to be 
discussed at the forthcoming meeting. Appendix B contains a table listing 
categories of discrepancies and the quantity of each. The NR and GAEC 
Simulator Discrepancies were categorized and reported as follows: 

I . CSM 

A. SUNDISK 

NR-101-29 - Closed 4 October 1968. 

B. COLOSSUS 

NR 103-1 - MIT report on COLOSSUS # 19 states that this discrepancy 
will be fixed after Revision 237 and incorporated into Program 
Note TBD for C’. FCSD will review for AOH impact. 

NR 103-2 - COLOSSUS # 26 has been sent to MIT for analysis. NR 
analysis indicates that this discrepancy is a simulator 
problem. EG27 has taken the action to request NR to write 
a memo on the resolution of this discrepancy. This dis- 
crepancy will be closed upon receipt of the North American 
memo. 

NR 103-3 - No change - COLOSSUS # 27 has been sent to MIT for 

analysis. Preliminary analysis shows that the "auto" mode is 
all right, but the discrepancy occurs if the crew does not fly 
the same way as the DAP. 
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68:7254.3-412 


TO: File 


CC: 


DATE: 21 November 1968 


SUBJECT: Minutes of the 21 November Simulator 
Discrepancy Meeting 


FROM: L. L. VJ’ilkerson 

BLOG. H4 POOM 1009 ext. 3111 


This report constitutes the minutes of the 21 November SDR meeting and represents 
the status and recommended action of the NR and GAEC simulator discrepancies as 
of the date of the meeting. Tnese minutes vd.ll also be used as the agenda for 
‘uhe forthcoming 5 December SDR meeting. 

Appendix A of this report contains the SDR status for the new NR and GAEC dis- 
crepancies to be discussed at the forthcoming meeting. Also included in this 
appendix are the final, signed off status sheets for those discrepancies closed 
in Lhe 21 November meeting. 


Appendix 3 contains summary tables listing discrepancies by quantity and catagory. 

All Outstanding 101 SDR's were re-examined and found adequately closed except 
NR-101-2, 7j and 26. Appropriate action has been, or is being, taken for any effects 
these discrepancies may have on 103. 


The NR and GAEC simulator discrepancies are categorized and reported as follows: 


I. CSM 

A. COLOSSUS 

NR-103-1 - Closed in the 31 October minutes. 


NR-103-2 - An addendum to this discrepancy' was written 1 Novemoer 1968 

by G. D. Sandberg defining this as a corrected simulator 
problem. Closed (a) 


^1^-103-3 - An AOH change is required to close this discrepancy. 

I'jR-103-4 - An addendum to this discrepancy was written 1 November 1968 

by G. D. Sandberg defining this as a corrected simulator 
problem. Closed (A) 
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68:7254.4-16 
Re: Task E-71A 


27 September 1968 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: Dr. M, Kayton, EG21 

Subject: Updated Terrain Evaluation of Sites II P-13 and III P-11 
Resulting from Revised Terrain Profile and MSFN Data 

References; 1) McGee, C., ''Approach Terrain Evaluation: Sites II P-2, 

TI P-6, II P-8, II P-ll and II P-13." TRW Technical 
Report No. 05952 -H38 1 -RO-00 , dated 15 January 1968 

2) McGee, C., "Terrain Evaluation of Site III P-ll," 

TRW IOC 68:7252.6-76, dated 28 March 1968. 

Cent lemen : 

Enclosed is the subject TRW Systems Technical Memorandum No . 68:7254.4-5 
dated 20 September 1968. Subsequent to the terrain evaluations of the 
five primary landing sites (References 1 and 2), there have been revisions 
in the estimates of an approach terrain profile Co Site III P-ll and the 
initial condition errors at FTP due to MSFN tracking errors. The revised 
estimate of the approach terrain to Site ITT P-ll is considerably smoother 
than previously estimated. The smoother version of TII P-ll significantly 
improves the performance of the LM during a descent to that site. 

The updated estimate of MSFN errors results in an increase in the semi- 
major axis of the 3' landing ellipse to 23,000 feet from the previous 
value of 13,000 feet. Inspection of all of the approach terrain to each 
of the five sites reveals that the increase in downrange error will not 
invalidate the earlier terrain evaluations of Sites II P-2, II P-6, and 
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Re : Task E-38B 


7 ; 


12 December 1968 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: Mr. John F. Hanaway (F.G412) 

Subject: G&C Data Requirements for Apollo Mission C Prime. 

Gent 1 emen : 

The attachment to this letter defines the data reduction require- 
ments for the Apollo C Prime mission. It contains the following: 

1) CMC Digital Downlink Description 

2) CMC Downlink Tape Format 

3) CMC Downlink Data Tabulation Formats 

A) PCM Analog data Tabulation Formats 

5) PCM Analog data Oscillograph Formats. 

The information was formulated as an addendum to the '■AS-205/101 Guidance 
Navigation and Control System Flight Test Analysis Plan'' prepared by TRW 
for the Apollo C Mission. It is submitted as partial fulfillment of TRW's 
Test and Analysis function as defined by Task E-38B, "C.&C Test Analysis " 


V- 3 \ 
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2TV-1/103 CORRELATION REPORT 
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69.4354.1-130 
5 September 1969 
Re : Task E-63 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention; Mr. C, A. Vaughan, Head 
Reaction Control Section 
Auxiliary Propulsion Branch 
Propulsion and Power Division 

Subject: First Draft of the CSM/RCS Integrated System Performance 

Analysis Computer Program User’s Manual 

Gentlemen : 

The first draft of the CSM/RCS Integrated System Performance 
Analysis (ISPA) Computer Program, User's Manual (Volume I) has been 
completed with exception for flow charts of the subroutines. The 
Table of Contents for this manual is attached to this letter. A 
copy of this draft has been provided to Mr. L. U. Jenkins to enable 
his comments to be included in the final document. 

This document is the first of three volumes which will provide 
complete documentation of the ISPA computer program. Volume I con- 
tains documentation pertinent to the CSM/RCS program, a technical 
description and listings for the program, subroutines and all ref- 
erences. Volume II contains material appropriate to a user’s guide 
including descriptions of the program input and output reauirements 
and all details necessarv to operate the program. Volume III will 
contain all information pertinent to the LM/RCS program. Portions 
of this program which are the same as for the CSM/RCS program will 
be referenced to Volumes I or II. 


Prepared 


Since re Iv , 


bv : 


I '5\ ' 



\r n 


P. J. Kovacs, Task Manager 
Task E-63 


Approved bv : 



J. L. Coffman% Ass istant Project Manager 

Engineering Analysis 

Spacecraft Systems Analysis Proiect 


PJ K ; JT.C : ad 
P'nclosure 
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TRW No. 69-6500.1-16 
Re: Task E-79 

7 April 1969 


National Aeronautics & Space Administration 
Manned Spacecraft Center 
Houston, Texas 70058 


Attention: Mr. J. N. Kotanchik ES 

Subject: Monthly Status Report, Period Ending 28 March 1969, 

Saturn V POGO Analysis, Stage II 

Reference: MSEC Memorandum, S&E-ASTN-PA-69-M-127 , 7 March 1969 

Gentlemen: 




We enclose conies of the J-2 Engine Transfer Function P ^ ) 
calculated and plotted from the data of the referenced memorandum. 


We have performed an evaluation of the experimental and the data 
processing and analysis techniques that led to these transfer functions, 
and we are satisfied that the new functions are valid. 


The new functions are significantly different from the TRW Engine 
Transfer Functions derived from basic principles. The differences are 
particularly marked in the late stages of flight when there is a low 
engine mixture ratio and a low NPSH. If flight conditions during the 
time an 18 cps POGO was observed on Flights AS-503, and AS-504 resulted 
in a mixture ratio of 4.7 and a head of 50 ft, then the TRW transfer 
function would be more than 10 db nonconservative in comparison to the 
new data. Early in flight, the TRW model is only 4 db nonconservative. 
Tentatively, we are attributing the differences largely to our imperfect 
understanding of the characteristics of the J-2 pump with high bypass 
flow. Studies are continuing. 

The new engine transfer functions, together with the oxidizer line 
compliances which MSEC transmitted previously, appear capable of making 
a 16 cps (approximately) mode, {which is similar in both Boeing and NAR 


SYSTEMS GROUP Of '^RW INC HOUSTON OPERATIONS • P O BOX 58327. HOUSTON TEXAS 77058 • •'/U? SiP 3!25 


NARA SW Box E209H-114 


TRW No. 69-6500.1-25 
Re: Task E-79 


10 June 1969 


National Aeronautics & Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: Mr. J. N. Kotanchik, ES 

Subject: Monthly Status Report, Period Ending 31 May 1969, 

Saturn V POGO Analysis 

Gentlemen : 

During the reporting period, TRW performed POGO stability analyses on the 
second stage of the Apollo Saturn Space Vehicle using updated structural 
and propulsion system data provided by MSFC. In addition, analyses were 
performed to predict the effect on the Apollo 10 mission (AS-505) of shut- 
ting down the second stage center engine early; i.e., prior to the time 
that POGO oscillations had been observed to occur on previous flights. 

These analyses predicted that this procedure would prevent the occurrence 
of POGO during second stage flight. This prediction has been verified by 
flight data from Apollo 10. The results of the S-II studies were forwarded 
to MSFC on 27 May in a report entitled "Apollo Saturn Space Vehicle POGO 
Analysis S-II Stage," TRW Document No. in76-H192-R0-00 dated 27 May 1969. 

Additional S-II stability studies have been initiated using new NA/SD S-II 
modal characteristics data. These data include the effects of a two mass 
representation of the S-II lox tank. 

TRW's participation in the Saturn POGO analyses has been extended to 30 June 
1969. During this time, the aforementioned S-II studies will be documented 
along with additional studies including the effects of a center engine accumu- 
1 ator. 


Very truly yours, 

A. Rasumoff 
TRW Task Manager 



tj. L. Coffman, Asst. Project Manager 

Engineering Analysis 

Spacecraft Systems Analysis Project 
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TRW No. 69.6510.2.102 
Re: Task K-5C 

9 January 1969 


NatiDn.il Ae-ronauti.cs and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: Mr. J. A. Chamberlin, EA4 
Subject: December Propress Report - Task E-^nC 


C'-en 1 1 erra'n : 


During December, four special studies were continued from the previous month. 
A total o 3.8 manmonths was expended during December. The task activities 
are reported below: 


1. SESL Cihamber Thermal Environment 


The objectivc;s oi this subtask are to evaluate tiie uniformity and 
validity of the solar simuJ.ntor data that was gathered during the 
Spacecraft 2TV-1 CSM 103 supy)ort test, and to define the incident 
heatin'-: of the 103 test using the TPW SESI. Cliamber A Tlierm.al 
Environment/2TV-l Spacecraft computer progra:n. 

The final magnetic tapes containing the iu.atiri" histories for test 
nhases F and H were* generated and placed in the .MSC tape library. 

During the next month, the final report documenting the CSM 103 test 
data analysis will be com.pleted. This report will describe the 
heating rates that were transmitted .and the nroblems encountered 
during the data analysis. 


2. LM RCS Impingement Heat iransfer Analysis 


One onjective of tliis subta.sk is to determine tlie press\ire and h'-at 
transfer distribution for constant and variable 0/F mixture ratio 
plume at tiie exit plane and at several axial distances downstream 
and on the LM descent stage with and ttithout the "coal chute." The 
second objective is to assist MSC in the design, set-up, and 
evaluation of an experimental Drogratn involving LM RCS plunt-; 
measurenents . 

Tlie final report for this task was submitti;d to MSC for review'. 
Included in the report are: comparisons of measured he.'iting rate 
and pressure data witii theoretical predictions for the six probe 
locations that were used in the MSC TTA tests; heat transfer corre- 
lations at two locations for the Grumman scale model shock tube data: 
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TRW No. 69.6510.2-107 
12 February 1969 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: Mr. J. A. Chamberlin, EA4 

Subject: January Progress Report - Task E-5C 

Gentlemen : 

During January, three special studies were continued from the previous month 
one subtask was discontinued and replaced by a new study. A total of 4.2 
manmonths was expended. The task activities are reported below: 

1, SESL Chamber A Thermal Environment 


The objectives of this subtask are to evaluate the uniformity 
and validity of the solar simulator data that was gathered 
during the Spacecraft 2TV-1 CSM103 support test, and to define 
the incident heating of the 103 test using the TRW SESL Chamber 
A Thermal Environment /2TV-1 Spacecraft computer program. 

The final magnetic tapes containing the heating histories for 
test phases F and H were generated and placed in the MSC tape 
library. Using the above iieat fluxes, analytical temperatures 
histories were generated bv MSC to compare with the thermocouple 
readings obtained during the test. TRW has been investigating 
possible error sources associated with the above comparisons. 

This subtask was completed during January with the generation 
of the F&H test phase tapes. No further work is planned except 
for resolution of data discrepancies that may be identified as 
the analytical temperature histories are reviewed. 

2 . LM RCS Plume Impingement Heat Transfer Analysis 

The objective of this subtask is to determine the pressure and 
heat transfer distribution for a constant and variable mixture 
ratio plume at the exit, at several axial distances downstream, 
and on the LM descent stage with and without the "coal chute." 

A second objective is to assist MSC in the design, set-up, and 
evaluation of the Chamber A LM RCS test program instrumentation. 

A nonequilibrium flow field was generated for the LM RCS nozzle. 
Various 2-zone combinations of mixture ratio were used with a 
wall boundary layer analysis to match the experimental performance 
of the engine. The final 0/F ratio combination used was 0.5 
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69.6510.2-110 
Re: Task E-5 

19 February 1969 

National Aeromautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: Mr. J. A. Smith, ES 12 


Subject: Apollo 9 Thermal Coatings Experiment Pre-Flight Measurement 

Report . 


Gentlemen: 

A report giving the pre-flight measurement results of Apollo 9 thermal 
coating samples is attached. This report presents the reduced data on the 
solar absorptance and emittance of thermal coating samples and the trans- 
mittance curves for window samples. Post-flight measurement of the samples 
will provide quantitative data regarding orbital degradation of coatings 
and windows. A post-flight report will be issued within 60 days after return 
of the samples. This report will provide a complete discussion of measure- 
ment and data reduction procedures. 



Head, Thermophysics Section 


Approved : 

Assistant Project Manager 

Engineering Analysis 

Spacecraft Systems Analysis Project 



EEL : am 
Enclosure 
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68:7252.7-200 
re: Task E-3aA. 


March T, 1968 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houstonj Texas 77058 

Attention: Mr. John F. Hanaway 

Subject: Postflight Analysis Support for the GN&C System 

LM-1 

Gentlemen: 

In its continuing role in support of the GN&C test analysis and re- 
porting, TRW participated with MSC in the mission monitoring and 
postflight analysis and reporting functions for the LM-1 (AS-204) 
mission. To meet editorial deadlines for the several mission 
reports, analysis results prepared by TRW personnel were submitted 
informally as they became available. The purpose of this letter is 
to synopsize and confirm the data transmitted during that analysis 
effort, in partial fulfillment of the task requirement for submittal 
of a postflight report within forty days after la^onch. 

In many cases, the preliminary data submitted were in the form of 
draft tabular data from which plots or graphs were prepared. Data 
of this form is not repeated here. It is recognized that large 
segments of the data analysis were performed as a team effort, and 
that the TRW contributions are in some cases inseparable. 

In addition to the usual performance analysis, TRW personnel contri- 
buted to two anomaly investigations, the premature shutdown of DPS 1 
and the Digital Autopilot (DAP) control system performance after the 
Program Reader Assembly bum sequence for DPSl, DPS3, FITH and APS 1. 

The support in these investigations was primarily in the area of IGC 
logic flow analysis and descriptions. 

One item remains unresolved from the flight data analysis: unsymmetrical 
limit cycle during the DPSl cold soak period. It is our understanding 
that action on this item has been assumed by Dr. K. Cox (BG23) and as- 
signed to TRW for analysis under Task E-72, Apollo GStC Systems Evaluation. 
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Prepared by 
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Systern EvaluaHon Section 
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TRW 

SVSrfMS GHOUP 


TO 


INTEROFFICE CORRESPONDENCE 


70.6522.2-15 


File, Task E-74 


DATE: 23 March 1970 


Minutes of the ME-109 Simulator Discrepancy 
Meeting, NR, 18 March 1970 


-yJohn E. Gifford 

FROfy 

BLOG H2 BOOM 2077 


EXT, 2604 


This report constitutes the minutes of the subject meeting conducted at the Manned 
Spacecraft Center. Included in this report are two appendixes. Appendix A contains 
new discrepancy reports and recently closed status sheets. Appendix B contains the 
di sposi tion references . 

The next SDR meeting will be scheduled at a later date. The current status of the 
NR ME-109 discrepancies is summarized below. 

A. Software 

NR-109-1 During a Cislunar Navigation {P23) test run, it was 

discovered that the downlinked permanent CSM and LM 
state vectors were set to zero in position and velocity. 
Further investigation revealed that the anomaly occurred 
during the sphere of influence changeover (Moon to Earth- 
Centered System). The performance of the Cislunar Navi- 
gation was n^ visibly degraded by this occurrence. 

An MIT Anomaly Report, Comanche 35, has been issued for 
COLOSSUS 2E. A Program Note 1.3.2 has been issued for 
the Apollo 13 flight. Closed (A). 

NR-109-3 This discrepancy concerns the Auto Optics Acquisition 

and Fine Align during IMU Realign (P52). Following the 
first Fine Align in P52, the Auto Optics did not acquire 
the star in the SXT. Manual acquisition with the SCT 
was required. The NR investigation revealed that this 
discrepancy was caused by a programming error which has 
subsequently been corrected (Reference NR SCN 8024 
Appendix B). Closed (A). 

NR-109-4 This discrepancy concerns Star Horizon Navigation Measure- 

ments during Cislunar Navigation (P23). Initially, it 
was observed that the state vector errors following each 
Cislunar Navigation update (star/horizon measurement) 
grow monotoni cal ly . It was also noted that the move- 
ment of the star in the SXT field-of-view was influenced 
by the nearness of the earth limb to the star. This 
resulted in making it very difficult to superimpose the 
star on the substellar point of the earth horizon. In an 


SYSTEMS 180 


NARA SW Box E209H-115 


TO 


SUBJECT: 




I.'' 


TRW 

StSTCmS GftOUP 

INTEROFFICE CORRESPONDENCE 

70:7251 -JP-1229 

Distribution date: 5 March 1970 


February Informal Progress Report, Task E-9G 


FROM: j. G. Prothro 

BLDG H-4 ROOM 2122 EXT. 3280 


A. Apollo 13 RF Coverage Documents 

Volume I (Operational Data) of the Apollo 13 coverage documents was 
submitted to MSC/TCSD for final review on 26 February. Preparation of 
Volume II (Lunar Operations) is presently in progress; hov/ever, aspect 
tapes are not expected until approximately 16 March. As a result of 
the late delivery of tapes, the scheduled delivery date (24 March) of 
Volume II can not be met. Volume II will be published as soon as 
possible, after receipt of tapes. 

Calculations were completed for updating the LM S-band RF margin 
tables in the NASA Data Source handbook. The revised tables were 
delivered to MSC/TCSD in the form of camera ready reproduction mats 
on 24 February. 

B. Study of Comb-Line Filtering of Video Signals 

A summary of this months efforts on the comb-line filtering study 
is presented in Anpendix A. 

C. Lunar Far-Side Communications Study 


The lunar far-side communications visibility and coverage analysis 
report was delivered to MSC on 6 February, This report contains an 
analysis of possible communications coverage that can be provided by 
low and medium altitude lunar orbiting satellites. 

A summary of the tracking antenna technology literature survey 
containing charts depicting current interim results is presented in 
Appendix B. 

All phases of this study are proceeding on schedule. The Phase II 
report is expected to be delivered on schedule (24 April). 
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70.7251.1-621 < v' A 
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SPACECRAFT SYSTEMS ANALYSIS PROJECT 
TASK E-34E 


INFORMAL MONTHLY REPORT 
4 March 1970 


Approved 


Approved 


c£JLr. 

C. E. Blakely» Task Manager 


by: 


/ ' .1 , 

. X , u k) // // ' 
by: 

. DeVillier, Manager 
f /Communications and Sensor 
Systems Department 
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TO Task E-74 File 


INTEROFFICE CORRESPONDENCE 

70:7252.4-39 
April 1970 


SUBJECT: ANALYSIS RESULTS OF APOLLO 13 SUPPLEMENTAL 
MISSION EVALUATION TEST CASE MAR 0906 


FROM : J. W. Wright 


8LDG 


H4 


ROOM 


1013b 


EXT. 


3197 


References: 1) TRW IOC No.: 70:7254.5-23, "Revision of CSM Off- 
Nominal Hybrid Test Requirements," E. H. Peters, 

20 February 1970 

2) TRW IOC No.: 70:7252.5-08, "Off-Nominal H-2 Mis- 
sion CSM Test Requirements - NR Hybrid Simulation," 

E. H. Peters, 30 January 1970 

3) TRW IOC No.: 70:7252.5-40, "Analysis Results of Apollo 13 
Final Mission Evaluation Test Case FEB 2501," J. B. Hill, 
1 April 1970. 

Introduction 


This memorandum documents the results of North American Rockwell (NAR) 
hybrid simulation run number MAR 0906. This run is a simulation of 
the CSM/LM docked DOI maneuver with an SPS overburn of 1 .S-seconds . 

The simulation was performed March 9, 1970, using the NAR hybrid 
test facilities at Downey, California. 

The analysis performed by TRW was based upon data provided by NAR. The 
analysis consisted of a detailed review of the CMC downlink data and the 
Real-Time Simulator System (RTSS) digital environmental data. No RTSS 
analog strip-chart data or propellant utilization records were provided 
for the analysis of MAR 0906. Due to limited time and manpower, an 
in-depth analysis of the total volume of data was not possible. Hence, 
the analysis represents a compromise between detailed analysis and timely 
delivery. 

The run represents an off-nominal condition and is intended to supple- 
ment the Apollo 13 final mission evaluation. The requirements defining this 
test case are presented in References 1 and 2. As defined in those ref- 
erences, the test case was to simulate a 2.8-second undetected SPS over- 
burn during descent orbit injection. The intent was to evaluate the 
bailout procedures and maneuver under severe overburn conditions. 

Run MAR 0906, as actually performed, represents a 1.6-second detected 
SPS overburn during DOI requiring different procedures (essentially 
pitching the spacecraft over 180 degrees and nulling the VG's). 
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irslTEROFriCE CORRESPONDENCE 68:7252 . 8-91 

W. L. Steele cc- Distribution date. 19 March 1968 

Task Manager 
Task E-71 


Review of SUNDANCE GSOP (Section 4) Covering 
IMU Progra-Tis P5I and P52 

8LD1 

H-3 


W. Ferry 


M AIL ST A. eXT, 

1023 2727 


Reference: MIT Docunient, '’Guidance System Operations Plan for Manned 
IM Earth Orbital Missions using Program SUNDANCE'% R-557, 
Section 4 - PGNCS Operational Modes, December 1967. 


The comments listed in this memo resulted from a reviev/ of the 
Reference document in the areas covering the BTU Orientation Determination 
(?5l) and the IMU Alignment (P52) operational modes. The specific pro- 
grants and routines reviewed were : 


1. 

P51 

- IMtj Orientation Deterrrdnation 

2. 

P52 

- D-tU Alignment 

3. 

102 

- IMU Status Check 

4. 

R50 

- INfll Coarse Align 

5. 

R51 

- B-rJ Fine Align 

6. 

R52 

- Automatic Optics Positioning 

7. 

R53 

- Inflight Sighting Mark 

8. 

R54 

- Sighting Data Display 

9. 

R55 

- Gyro Torquing 


The review was undertaken without reference to the SUNDANCE flight 
program, and therefore, does not include discrepancies between the two. 

COMMENTS 

1. Program P51 (Line #90) 

At this point in the program, the crew is presented the option 
of maneuvering the LM to position the IMU inner gimbal axis in a pre- 
ferred direction. This statement is misleading because the inner 
gimbal axis is attached to the stable member and therefore remains 
inertially oriented regardless of any spacecraft attitude maneuvers. 
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APOLLO 12 DAP POSTFLIGHT AMALYSIS 


20 JANUARY 1970 70:7254.4-7 
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TO 


TRW 

SYSTCMS GHOUP 



WPG 


INTEROFFICE CORRESPONDENCE 70:7254.5-89 
Task E-72B File cc: Distribution date: 6/16/70 


SUBJECT dap postflight analysis for APOLLO 13 


W. Delashmit/R. Bennett 


H 4 


2009 


3211 


References: (1) NASA SNA-8-D-027, CSfVLM Spacecraft Operational Data Book , 
Volume IIU Mass Properties , Revision 2, 20 August 1969. 

(2) P. Pantason, Grumman IOC No. LAV-500-853, "Effects of RCS 
Jet Thruster Plume Deflectors on LM Attitude Control 
Authority," 17 March 1969. 

(3) MIT/IL R-567, Guidance Systems Operations Plan For Manned 

L M Earth Orbital and Lunar Missions Using Program Luminary 1C, 
/Rev. 130) , Section 37 Pi qi tal Autopilo t, Revision 3, 

October T969. 


INTRODUCTION 


An analysis of the DAP control functions during the Apollo 13 mission 
was performed to verify proper DAP performance. The following items were 
consi dered: 

(1) The Midcourse Correction 4 (MCC-4) DPS Free Return Maneuver 

(2) The Pericynthion plus two hours (PC+2) DPS Maneuver 

(3) The maneuver to the LM PGNCS PTC attitude. 

(4) The attitude hold capability of the LM DAP in the LM/CSM and 
LM/CM configurations. 

(5) The automatic maneuver capability of the LM DAP in the LM/CSM 
configuration. 

(6) The manual maneuver capability of the LM DAP in the LM/CSM 
and LM/CM configurations. 

(7) The plus pitch torque acting on the CM after LM jettison. 

MCC4 DPS FREE RETURN MANEUVER ANALYSIS 

Jets 2, 6, 10, and 14 were used for a 4-jet. 8.01 second ullage prior 
to the MCC4-DPS Burn. The ullage began at 61:29:36.06 GET. DPS ignition 
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Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 
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MSC/TRW TASK 705^1 


NAS 9-8166 


December, 1970 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
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Prepared by 
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Approved by: 
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Approved by: 





D. W. “Vernon, Manager 
Power Systems Department 
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PROJECT TECHNICAL REPORT 


TRANSIENT ANALYSIS ATTITUDE CONTROL PROPULSION SYSTEMS 
COMPUTER PROGRAM DOCUMENTATION AND USER'S MANUAL 

MSC/TRW TASK 705-1 
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June, 1971 
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PROJECT TECHNICAL REPORT 


STEADY-STATE ATTITUDE CONTROL PROPULSION SYSTEMS 
COMPUTER PROGRAM DOCUMENTATION AND USER'S MANUAL 

VOLUME I 

MSC/TRW TASK 705-1 


NAS 9-8166 


June, 1971 
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PROJECT TECHNICAL REPORT 


STEADY-STATE ATTITUDE CONTROL PROPULSION SYSTEMS 
COMPUTER PROGRAM DOCUMENTATION AND USER'S MANUAL 

VOLUME II 

MSC/TRW TASK 705-1 


NAS 9-8166 June, 1971 
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70.4354.3-109 
18 Xovember 1.970 
Re: Task 705-2 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 


Attention: Mr. W. Simon, Task .Monitor/EP5 
Power Generation Branch 
Propulsion and PotJer Division 


S ub j e c t : 


Analysis of Potential Oxvgen Pressure P.ise in the 
Cryogenic Storage Svstem Tines Due to Thermal Effects 


Reference: 1) North American Rockv’ell Letter 70MA63i8, "Oxvgen 
Tank Off-Load Procedures," E. P. Smith, 

1 September 1970. 

2) TRW IOC 70.4352.34-2, "Entrapped Oxygen Pressure 
Rise Analvsis," J. P. Smith, II November 1970 

Gentlemen : 


Subsequent to high flow operation of the Crvogenic Storage Svstem 
(CSS), it is possible to entrap low temperature gas In the svstem 
supply lines. An analvsis to determine the approximate pres.'urG 
rise due to the thennal response of the entrapped gas to the warmer 
environment has been completed for several conditions. Six condi- 
tions were enumerated in Reference 1. Reference 2 (enclosed) 
presents the results of the analysis for four of tliese conditions 
which '■yere determined to be most significant. Brieflv stated, 
ttiese conditions were: (a) fuel cell shut-off valve closed in 
flight subsequent to a fuel ceil oxvgen nurge ; (b) fuel cell purge 
and shut-down subsequent to EVA high flow demand; (c) fuel cell 
purge and shut-doxvn subsequent to LM pressurization flow demand; 
and (d) subsequent to EVA or LM pressurization, low temperature 
gas mav be entrapped in the ECS supplv line. 

For condition (a), it was determined that the maximum pressure 
could 00 on the order ofl400^to 6000 psia depending on initial 
conditions and assumptions (cases B through D in Reference 2). 

For condition (b), the pressure could rise to approximate! v 4500 
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E.E : Task 705-2 
21 October 1970 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: Mr. W. Simon, Task Monitor/EP5 
Power Generation Branch 
Propulsion and Power Division 

Subject: Transmittal of Results of GHAT Test Case 3-One-T)1mensional 

Potential Flow 

Reference: TRW IOC 70. 4354. 3~93, "GNAT Test Case 3 - One-Dimensional Potential 
Flow," P. H. Heinmil.ler to File, Task 705-2, 10 October l‘^7n. 

Gentlemen : 


The General Numerical Analvsis of Transoort (GNAT) computer program is 
being developed to simulate in detail tbe thermal stratification and 
mixing mechanisms in a compressible fluid subject to heating and 
accelerations as required under Subtask 2 (Advanced Cryogenic Tank 
Program) of Tasl' 705-2. 

In order to verify the accuracv of this computer program, a aeries of 
six test cases have been defined. Reference 1 (Attached) presents the 
results of Test Case 3, a simulation of a one-dimensional inviscid fluid 
expansion. The computed bulk pressures and temperatures are in very 
close agreement with corresponding values obtained from Isentronic re- 
1 ati ons . 

Sincerely , 



R. K. M. Seto, Task Manager 
MSC/TRW Task 705-2 


L. Coffman, Assistant Project Manager 
Engineering Analvsis 
Spacecraft Systems Analysis Project 
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70.43')4.3-95 

RF: Task 70:-2 

20 October 1970 

National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: Vk Simon, Task Monitor/EPS 

MSC/TRW Task 705-2 
Power Generations Branch 
Propulsion and Power Division 

Subject: Revision of Pressure Rise and Decay Rates for Spacecraft 

Operational Data Book (SODB) 

Reference: TRW IOC 70.4352.36-1, "Revision of Crvopenic Pressure Base/ 
Decay Rates," in CS’^VhM Snacecraft Operational Data Book, 
Volume 1," C. W. Worst to R, K. M. Seto, 19 October 1970. 

Gentlemen : 

An analysis of the pressure rise and decay rates of the Crvogenic 
Gas Storage System based on the redesign of the system for H->*ission, 
has been performed. The results to he included in the CSM/T.M SOOB 
are presented in the reference (Enclosed). These results have also 
been implemented into the standard SODB approval loop. The transmittal 
of this information fulfills a milestone under Suhtask 5 of Task 795-2. 

Sincerely , 



,J.'' L. Coffman, Assistant Project Manager 

Engineering Analysis 

Spacecraft Systems Analysis Project 

RKMS/JLC/nb 

Enclosures 
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17618-H227-R0-00 


BIMONTHLY PROGRESS REPORT 


SPACECRAFT SYSTEMS ANALYSIS PROJECT 


FOLLOW-ON CONTRACT TO NAS 9-8166 


15 NOVEMBER 1971 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW 


NARA SW Box E209H-118 




17618-H080-RO-00 


PROJECT TECHNICAL REPORT 


A NUMERICAL SOLUTION FOR THE PREDICTION OF PRESSURE 
COLLAPSE IN SUPERCRITICAL OXYGEN 

MSC/TRW TASK 705-2 


NAS 9-8166 


DECEMBER 1970 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 
P. 0. Heinmiller 
Engineering Mechanics Section 
Power Systems Department 


Approved by: 



Approved by: 


D. W. Vernon, Manager 
Power Systems Department 


TRW 
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17618-H090-R0-00 


PROJECT TECHNICAL REPORT 


APOLLO CRYOGENIC SYSTEMS PROGRAMS 


IlSC/TRW TASK 705-2 


NAS 9-8166 


DECEMBER, 1970 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 

R. K. M. Seto 
C. E. Barton 
E. Joseph 
P, J. Knowles 
J. G. Torian 


Approved 



echanics Section 


Approved 


Power Systems Department 



stsrgMs 
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17618-H091-R0-00 


PROJECT TECHNICAL REPORT 



APOLLO CRYOGENIC SYSTEMS PROGRAMS 
USER'S MANUAL 

MSC/TRW TASK 705-2 


DECEMBER 1970 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 
C. E. Barton 
J. I. Prewitt 
J. G. Lindsey 

Engineerina Mechanics Section 
Power Systems Department 



D. W. Vernon, Manager 
Power Systems Department 


TRW 
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17618-HlOl-RO-OO 


PROJECT TECHNICAL REPORT 


APOLLO MISSION H3 
CSM 110 

CRYOGENIC STORAGE SYSTEM 

PREFLIGHT PERFORMANCE REPORT 

NAS 9-8166 FEBRUARY 1971 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 
R. K. M. Seto 

Engineering Mechanics Section 
Power Systems Department 


Approved 



J.' M. Rfch^rdson, Head 
Engineering Mechanics Section 


Approved 


by: 




D. W. Vernon, Manager 
Power Systems Department 


TRW 
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17618-H121-R0-00 


PROJECT TECHNICAL REPORT 

USER'S MANUAL FOR THE GNAT COMPUTER PROGRAM 
(NUMERICAL ANALYSIS OF STRATIFICATION IN SUPERCRITICAL OXYGEN) 

MSC/TRW TASK 705-2 


NAS 9-8166 


March 1971 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 
P. J. Heinmiller 
Engineering Mechanics Section 
Power Systems Department 


Approved by: 



J AM. RS^arYjlson , "Head 
Eogineeri 



ng Mechanics Section 


Approved by-; 



r 




/. W, verhon, Manager 
^ower Systems Department 



TRW 

sySTEMS amottp 
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Space Administration 


71.4354.3-28 
13 May 1971 
RE: Task 705-2 & 
Task E-98 


National Aeronautics and 
Manned Spacecraft Center 
Houston, Texas 77058 


Attention; Mr. l\. Simon, Task Monitor/HP5 
Power Generation Branch 
Propulsion and Power Division 


Subject: Final Postflight Analysis Report for the 

Apollo j4 Mission Cryogenic Storage S\-st<''rr-. 

Reference: 1) TRW IOC 71.4354.3-13, "Preliminarv CSS 

Postflight Report for the Apollo 14 Mission, 

R. K. M. Seto to File, Task 705-2 , 24 t'eb . 1971, 

2) TRW IOC 71.4334,3-27, "Final CSS Fostfligiit 
Report for Che Apollo 14 .Mission, "R. K. M. Sef.o 
to File, Task 705-2, 24 Feb. 1971. 

Gentlemen : 


A pre i iminary evaluation oT i.lu.-: Ch'yogonic Storage System performance 

during the Apollo 14 Mission was reported in Reference 1. Since that time 

additional postflight analysis of tiie system has been conducte<l. The results 

of this analysis are presented in Reference 2 (Enclosed). 

This detailed analysis included effort in six areas: 

a. Analysis of complete pressure cycling times tor tiie oxvgen tanka. 

b. -Analysis of the oxygen tank heater-on periods. 

c. Determination of the maximum oxygen tank heater temperatures during 
each pressure cycle. 

d. Performance of an energy balance study of the oxygen tanks for individual 
pressure cycles as well as several hour segments. 

e. Determination of the rate of pressure change during oxvgen tank hcater- 
on periods. 

f. Comparison of tiie measured quantities of reiiai n i ng oxvgen and hwirogen 
to that obtained using the measured temperatures and pr€;ssures. 

g. Modification and improvements to the Integrated Svstems Program based 
on flight data. 
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PROJECT TECHNICAL REPORT 


APOLLO CRYOGENIC INTEGRATED SYSTEMS PROGRAM 

USER'S MANUAL 
MSC/TRW TASK 703-2 


NAS 9-8166 


JULY 1971 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 
R. K. M. Seto 
Power Systems Section 
Chemical and Mechanical Systems Department 


Approved 


by: 


M/ Seto, Manager / 


R 

MSC/TRW Task 705-2 



Approved 



D. W, Vernon, Manager 

Chemical and Mechanical Systems Department 


TRW 
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17618-H190-R0-00 



PROJECT TECHNICAL REPORT 



APOLLO MISSION J1 
CSM 112 

CRYOGENIC STORAGE SYSTEM 
PREFLIGHT PERFORMANCE REPORT 

NAS 9-8ibb JUI.Y 1971 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 
R.K.M. Seto 

Propulsion Systems Section 
Chemical and Mechanical Systems Department 


Approved 



R, K. M. Seto, Manager 
Task 705-2 


Approved 



J^M. Rl^drdson, Head 
Propulsion Systems Section 


Approved 



Chemical and Mechanical Systems 
Department 


TRW 
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PROJECT TECHNICAL REPORT 


APOLLO 12 
CSM 108 

SERVICE PROPULSION SYSTEM 
FINAL FLIGHT EVALUATION 


NAS 9-8166 


November 1970 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON. TEXAS 


Prepared by 
R. J. Smith 
W. G. Griffin 

Propulsion Technology Section 
Power Systems Department 


NASA/MSC 


Concurred by: 


TRW SYSTEMS 





Concurred by: 


Approved by: 

Z^. Kirkland, Head R. J. Smith, Manager 

Systems Analysis Section Task E-19F 


Approved by: 



J./wood, Manager 
?rvice Propulsion Subsystem 



P7 H. 'Jan 
Propul sio 


ead 

chnology Section 


Concurred by: 



. W. Yodzis, £hi 
Primary PropiVfsion Branch 


Approved by: 


D. W. VerTicyi, Manager 
Power Syaj^ms Department 


TRW 
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PROJECT TECHNICAL REPORT 


APOLLO CRYOGENIC INTEGRATED 
SYSTEMS PROGRAM 



Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 
R. K. M. Seto 
C. E, Barton 
J. E. Cunningham 


TRW 
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ANALYSIS OF USE OF A BOILERPLATE FOR A SIMULATED 
GSM DURINCz CHAMBER "A” EMERGENCY REPRESSURIZATION 


30 September 196$ 
225 I- 6 OO 6 -RU-OOO 


Prepared for 

National Aeronautics and Space Administration 
Marjied Spacecraft Center 
Houston, Texas 


Contract No. NAS 9-4810 
ASPO Task No. 1? 
Subtask No . 2 
N'ork Item "C" 

Prepared by 

Mechanical Systems Department 
TRW Systems 


Prepared By: 



S. Kreisler 

Mechanical Systems Department 
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PROJECT APOLLO 


DETERMINATION OF SERVICE PROPULSION 
YSTEM (SPS) SIMULATED PROPELLANT FLOW PROVISIONS 


30 September 1965 

i' C>00 % /xC''-(JOO 


Prepared for 

National Aeronautics and Space Administration 
i'^anned Spacecraft Center 
Houston, Texas 


Contract No. NAS 9-4810 
ASPO Task No. 1? 
Subtask No. 2 
Work Item ''E” 

Prepared by 

Mechanical Systems Department 
TRW Systems 


Prepared By: 



Mechanical Systems Department 


Approved : 





A. Rasumoff 
Work Package Manager 
Task ASPO - 1? 
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Apollo Docking Test Device (ADTD) 
Perfonnance Analysis Document Evaluation 

Task ASPO-17, Subtask 3 

Prepared by: Fred W. Hermann 


2251-6009-TIX)00 


29 October 19^5 


Contract No. NAS 9-ii^lO 


Approved by; 



Edward C. Wong 



by: /E' (j^ 


Marvin Fox, Manager 
Apollo G And C Project 


Approved by: 

Abner Ras\jmoff 
Work Package Manager 
Task ASPO-IT 


TRW Systems 
One Space Park 
Redondo Beach, California 


NARA SW Box E209H-11 
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thermal response predictions for APOLLO 

COMMAND MODULE THERMAL PROTECTION SYSTEM 

PART II. LAMINAR AND TURBULENT 
CONVECTIVE HEATING OF BODY 
POINTS IN PITCH PLANE 


TECHNICAL OPERATING REPORT 


1 December 1965 


DISTRIBUTION AND REFERENCING 


This report is not suitable for general distribution or 
referencing. It may be referenced only in other work- 
ing correspondence and documents on Project Apollo 
by participating organizations. 


THW SYSTEMS 


NARA SW Box E209H-11 


2251-6013-ROOOO 


PROGRAM TECHNICAL REPORT 
TASK ASPO-17-1 


PRELIMINARY ANALYSIS OF THE 
COMMAND MODULE-LUNAR EXCURSION MODULE 
INTERFACE LOAD DISTRIBUTION 


CONTRACT NAS 9-4810 


2 DECEMBER 1965 


TRW SYSTEMS 
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2251-6015-T0000 


PROGRAM TECHNICAL REPORT 
TASK ASPO-17-(5) 

A METHOD OF ANALYSIS FOR THE 
DETERMINATION OF THE RATIOS OF THE LOCAL 
REYNOLDS NUMBER TO THE FREE STREAM 
REYNOLDS NUMBER AT VARIOUS BODY POINT 
LOCATIONS ON THE APOLLO COMMAND MODULE 


TRW SYSTEMS 



225 1-6014-T0000 


THERMAL RESPONSE PREDICTIONS FOR APOLLO 
COMMAND MODULE THERMAL PROTECTION SYSTEM 

PART III. LAMINAR AND TURBULENT 
CONVECTIVE HEATING OF BODY 
POINTS NOT IN PITCH PLANE 


15 December 1965 


Prepared 



H. G. Myer 






Approved 







F. C. Loesch 


TRW SYSTEMS 
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PROGRAM TECHNICAL REPORT 
TASK ASPO-17-1 


PRELIMINARY ANALYSIS 

OF THE SERVICE MODULE RADIAL BEAM FAILURE 
DURING ACOUSTIC TESTING 


CONTRACT NAS 9-4810 


28 DECEMBER 1965 
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PROGRAM TECHNICAL REPORT 
TASK ASPO-17-2 


REVIEW OF 
LTA-8 TEST PLAN 
THERMAL -VACUUM-MSC 


CONTRACT NAS9-4810 


30 DEC EMBER 1965 


TRW SYSTEMS 
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PROGRAM TECHNICAL REPORT 
TASK ASP017-2 


PHYSICAL MEASUREMENT CONCEPTS 
FOR SPACECRAFT 008 
THERMAL VACUUM TEST 


CONTRACT NAS9-4810 


21 JANUARY 1966 
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2251-6019-R0000 


PROJECT APOLLO 
TASK ASPO-17 


FINAL STRUCTURAL ANALYSIS OF THE 
LAUNCH ESCAPE TOWER LEG ATTACHMENT 


CONTRACT NO. NAS 9-4810 


18 FEBRUARY 1966 


TRW SYSTEMS 



P2C1-6O20-R0O00 


PROGRAM TECHNICAL REPORT 
TASK ASPO-17-(l) 


COMMAND MODULE-SERVICE MODULE 
INTERFACE STRENGTH CAPABILITY* 

BLOCK I 


CONTRACT NAS 9-4810 


1 a FEBRUARY 1966 
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2251-6021-T0000 


PROGRAM TECHNICAL REPORT 
TAtiR ASPO-17-(6) 


INTERIM REPORT 

STRUCTURAL DYNAMICS CHARACTERISTICS 

DOCUMENT 


NAS 9-4810 


1 MARCH 1966 


TRW SYSTEMS 
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I’ROCrRAM TKCH-XICAL REPORT 

task: aspo-i.‘3 


RE\ IKW OF TEST PEAN FOR 
CHAMBER "A” SHAKEDOW N 


NAS 9-4810 


14 MARCH 1966 
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PROGRAM TECHNICAL REPORT 
TASK ASPO-17-1 


FINAL STRUCTURAL BREAK-UP ANALYSIS OF THE SERVICE 
MODULE AND SERVICE MODULE LEM ADAPTER 
FOLLOWING A LAUNCH ESCAPE SYSTEM ABORT 


CONTRACT NAS 9-4810 


1 7 March 1 966 


TRW SYSTEMS 
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PROGRAM TECHNICAL REPORT 
TASK ASPO-17-2 


REV! EW OF VEH ICLE PLAN 
FOR SPACECRAFT 008 - SECTION II 
GROUND OPERATIONS REQUIREMENTS PLAN 


CONTRACT NAS 9-4810 


18 MARCH 1966 


TRW SYSTEMS 






Apollo Docking Test Device (ADTD) 
Initial Condition Plan 


27 September 1965 


2251-6004- TU-000 


Fred W. Hermann 


Contract No. NAS 9-4810 


.approved by: 



Approved by: 


Marvi n Fnv . Mn n.'T a-a 


'Approved by: 

Abner Rasumoff 
Work Package Manager 
Task ASPO-17 


TR'/ Systems 
One Space Park 
Redondo Beach, California 
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APOLLO MISSION H3/LM-8/APS 
PREFLIGHT PERFORMANCE REPORT 


NAS 9-8166 


November 1970 


Prepared for 
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HOUSTON, TEXAS 


Prepared by 
W. G. Griffin 

Propulsion Technology Section 
Power Systems Department 
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PROJECT TECHNICAL REPORT 
APOLLO MISSION H3/CSM-1 10/SPS 
PREFLIGHT PERFORMANCE REPORT 

NAS 9-8166 November 1970 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON. TEXAS 


Prepared by 
S. C. Wood 

Propulsion Technology Section 
Power Systems Department 
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PROJECT TECHNICAL REPOR T 
APOLLO MISSION H3/LM-8/DPS 
PREFLIGHT PERFORMANCE REPORT 


NAS 9-8166 


November 1970 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON. TEXAS 


Prepared by 
A. T. Avvenire 

Propulsion Technology Section 
Power Systems Department 
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70.4354.2-147 
23 December 1970 
RE: Task 705-3 

National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: Mr. F. D. Freeburn 

Propulsion and Power Division 
Primary Propulsion Branch 



Subject: DPS Supercritical Helium Pressurization Svstem Preflight Analysis 

for Apollo Mission H-3 

References: 1) TRW Letter 70.4354.2-125, "Task 705-3 Task Plan", R. J. Smith 
dated 28 October 1970. 

2) TRW Letter 70.4354.2-131, "Task 705-3 Schedule Revision", 

R. J. Smith, dated 5 November 1970. 

3) TRW IOC 70.4354.2-146, "Incorporation of NBS Helium Equation 
of State Into TRW SFe Computer Program," R. S. Hovle, dated 
23 December 1970. 

Gentlemen: 


The Apollo Mission H-3 (LM-8) Descent Propulsion Svstem (DPS) Supercritical 
Helium (SHe) Pressurization System preflight prediction required under MSC/TRV 
Task 705-3, Subtask 5, (References 1 and 2) has been completed. The analysis 
was accomplished with the aid of the TRW SHe computer program. As called for 
in the Task Plan (Reference 1), the program was modified (Reference 3) to incor- 
porate the latest National Bureau of Standards equation of state for helium. 

Predicted performance of the SHe system anpears nominal with respect to 
previous Apollo preflight and postflight analyses. Table 1 shows the mission 
dependent input data for the SHe simulation; Figure 1 illustrates the DPS duty 
cycle; and Figure 2 presents the helium bottle pressure time historv for the 
mission. Briefly the input data and comnuted performance are summarized as: 


Initial He Load 

48.5 Ibm 

Initial loaded pressure 

120 psia 

Time on pad 

30 hrs. 

Pre-launch pressure rise rate 

8.15 psia/hr 

Coast period rise rate 

6.65 nsia/hr 

Helium bottle pressure at start of 

PDI Burn 

1087.4 psia 

Maximum helium bottle pressure 

for mission 

1195.8 psia 

Helium bottle pressure at touch- 

down 

523.5 Dsia 

Mass of helium remaining in bottle 

at touchdown 

9.3 Ibm 

Helium pressure at oxidizer 

depletion 

397.3 psia 
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PROJECT TECHNICAL REPORT 
T ASK 705-3 

APOLLO J MISSION CLASS SERVICE PROPULSION SYSTEM 
PREFLIGHT PERFORMANCE REPORT 

NAS 9-8166 January 1971 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 

Propulsion Technology Section 
Power Systems Department 
Aeromechanics Laboratory 
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NAS 9-8166 January 1971 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 

Propulsion Technology Section 
Power Systems Department 
Aeromechanics Laboratory 
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PROJECT TECHNICAL REPORT 
TASK 705-3 


APOLLO J MISSION CLASS ASCENT PROPULSION SYSTEM 
PREFLIGHT PERFORMANCE REPORT 


NAS 9-8166 


January 1971 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 

Propulsion Technology Section 
Power Systems Department 
Aeromechanics Laboratory 
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7i . 4 354 . 2-1.'3 
11 March 1971 
RK: Task 705-3 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: F. D. Freeburn/EP2 

Propulsion and Povjer Division 
Primary Propulsion Branch 

Subject: Apollo 14 Primarv Propulsion Svstems Prel iminarv Plight 

Fvalua tion 

Gentlemen: 

The attachment contains the preliminary nosti light evaluations of the 
Ascent (APS), Descent (DPS), and Service (SPS) I’ropulslon Svstems performance 
during the Apollo 14 Mission. The subject evaluations will be used as tlie 
Primarv Propulsion Branch’s input to the MSG Apollo 14 Mission Report, and 
were therefore prepared in a format and deptli intended to ease their inte- 
gration into that document. The results of f!ie evaluation were delivered 
to your office in rough draft form on 2 March .1971. With your concurrence, 
the draft delivery data was extended approximately one week from the date 
called for in the Task Plan because of delavs in the flight data processing at 
NASA/MSC. All significant changes from the rough draft have been previously 
discussed with the cognizant personnel in vour office. 

Sincere 1 v , 


e.j 



R. J. Smith, Manager 
MSC/TRU Task 70.5-3 


\, ^ - /"/ 

L 

< 1 . L. Coffman, Assistant Project Manager 


F.ngineering Analysis 

Spacecraft Systems Ana.lysis Prelect 


RJS:JLC 

• ske 

cc : R, 

H. 

Kohrs/PD7 

H. 

D. 

V.Tiite/EP 

R. 

P. 

Parten/FM13 

F. 

H. 

yeater/E4\5 
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PROJECT TECHNICAL REPORT 


APOLLO PRIMARY PROPULSION SYSTEM 
ENGINEERING MATHEMATICAL MODELS 


NAS 9-8166 


MARCH 1971 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
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Prepared by 

Propulsion Technology Section 
Power Systems Department 
Aeromechanics Laboratory 
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PROJECT TECHNICAL REPORT 


APOLLO MISSION Jl/CSM-n2/SPS 
PREFLIGHT PERFORMANCE REPORT 


NAS 9-8166 


April 1971 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 

Propulsion Technology Section 
Power Systems Department 
Aeromechanics Laboratory 


TRW 
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PROJECT TECHNICAL REPORT 


APOLLO MISSION J1/LM-10/APS 
PREFLIGHT PERFORMANCE REPORT 


NAS 9-8166 


May 1971 


Prepared for 

NATIONAL AERONATUICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 

Propulsion Technology Section 
Power Systems Department 
Aeromechanics Laboratory 


TRW 
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PROJECT TECHNICAL REPORT 


APOLLO MISSION Jl/LM-lO/DPS 
PREFLIGHT PERFORMANCE REPORT 


NAS 9-8166 


May 1971 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON. TEXAS 


Prepared by 

Propulsion Technology Section 
Power Systems Department 
Applied Technology Laboratory 
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71. 4915. 2-27 
23 July 1971 
RE: Task E-99/705-3 

National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: F. D. Freeburn/BP2 

Propulsion and Power Division 
Primary Propulsion Branch 

Siibject: Additional Apo llo 15/Hission J1 DPS Preflight Performance 

AnaJyses 

References: 1) TRW Letter 71.4354.2-46, Apollo 15/Mission Jl DPS 
Prefligbt Performance Prediction," R. J. Smith, 16 
June 1971 , 

2) NASA SNA-9-D-027 (III) Rev. 3, "CSM/LM Spacecraft 
Operational Data Book, Vol. Ill, Mass Properties," 

1 April 1971. 

Gentlemen: 

Subsequent to the issuance of Reference 1, several changes were made 
to the LM-iO mass properties and to the DPS propellant loading (Reference 2) 
which could affect the expected DPS performance values presented in 
Reference 1. These changes were: 

1) An increase in the LM~10 mass at PDI from 36607.2 Ibm to 
36626.3 Ibm. 

2) A decrease in the DPS oxidizer load from 12042.1 Ibm to 
12023.7 Ibm. 

3) An increase in the DPS fuel load from 7541.1 Ibm to 7547.7 
Ibm. 

4) An increase in the expected non-DPS consumable usage during 
the descent burn from 87 Ibm to 121.1 Ibm. 

The nominal descent burn simulations described in Reference 1 were re- 
run using the above changes. The resulting changes in the relevant 
performance results were: 

1) The vehicle effective specific impulse, at touchdown, decreased 
from 302.4 seconds to 301.8 seconds. 

2) The engine effective specific impulse, at touchdown, increased 
from 304.6 seconds to 304.8 seconds. 

3) The expected low level sensor (Fuel #2) activation time increased 
from 731 seconds to 735 seconds after ignition. 

4) The expected oxidizer depletion time increased from 850 seconds 
to 853 seconds after ignition. 
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71.4354.2-20 
23 March 1971 
RE: Task 802 



/ 





National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 

Attention: H. D. White/EP, Propulsion and Poi>7er Division 

Subject: Gas Component Survey 

References: 1) TRW Report 71.4354.2-18, "Survey of Gaseous Components 
Attitude Control Propulsion System (ACPS) Regulator, 

Accumulator, Relief Valve, and Quick Disconnect Coupling 
Survey," D. D. Tworek, 17 March 1971. 

2) TRW Report 71.4350.2-1, "Attitude Control Propulsion System Feed 
Lines and Materials Survey," G. E. A. Thomann, 1 March 1971. 

Gentlemen: 

Attached are five (5) copies each of the referenced letter reports. These 
analyses were completed under the Attitude Control Propulsion System (ACPS) 

Gas Component Survey subtask of the Shuttle Vehicle Propulsion and Propellant 
System Analysis Task (Task 802). 

The reports contain a summary of characteristics of "on-the-shelf " components 
that may meet the requirements of candidate Shuttle Vehicle ACPS’s. These 
characteristics were received in reply to inquiries to a number of vendors 
considered among the leaders in component manufacturing. In addition, a guide 
to material selection for joints and feed lines is included. Copies of vendor 
catalogs and tables received will be made available to you and transmitted 
informally, if requested. 

Yours very truly, 



^ L. CoffmSn, stant Project Manager 

Engineering Analysis 

Spacecraft Systems Analysis Project 

PHJ:Jh bcc: J. M. Richardson 

cc: J. Thibodaux/EP D. W. Vernon 

N. Chaffee/EP4 Widerquist 

C. Vaughn/EP4 Technical Library/Houston 
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71 .4352.28-n 


RETENTION OF ORBITAL INJECTION SYSTEM PROPELLANT 
RESIDUALS FOR USE BY THE ACPS 


NAS 9-8166 


6 APRIL 197] 


Prepored for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 

Aeromechanics Loborotory 
TRW Systems Group 
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17618-H042-R0-00 



PROJECT TECHNICAL REPORT 



APOLLO PRIMARY PROPULSION SYSTEM PERFORMANCE ANALYSIS 

TASK PLAN 


MSC/TRW TASK 705-3 


NAS 9- 81 6 6 


OCTOBER, 1970 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 
R. J. Smith 

Propulsion Technology Section 
Power Systems Department 


Approved 


Approved 
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71.4354.2-30 
28 April 1971 
IlE: Task 802 



National /aeronaut i cs and Space Adr:. ini strati ct' 

Manned Spacecraft Center 
Houston, Texas 77058 

Attention: H. D. White/FP 

Propulsion and Power Divison 

Subject: Orbital Maneuvering Systerr. Turbonunp Thornal Analvsis 

References: 1) TR\'7 IOC 71.4354.2-23, "Sliuttle/OMS TurbonunD Parameter 

Analvsis," P. J. Know'les, 12 April 1971. 

2) TRW IOC 71.4354.2-27, ''Cryogenic Turbopuirn Model," 

P. J. Knowles, 22 Anri] 1971. 

(Gentlemen; 

I'he enclosed references surnnarize the turbopump thernai analysis model 
development presently taking place and nros<’nt a plan for completion of 
that activity. Based on recent discussions with Primary Propulsion Branch 
personnel, emphasis will be i^laced on atialvses of tliermai transients after 
engine shutdown has occurred, therefore, little additional attention will 
be given to the refinement of the steady-state t-odel, although the refer- 
ences show that the simple steadv-state model is presently operational. 

Yours very trulv. 


MSC/TRW 802 


ana c e r 

Engineering Analysis 

Spacecraft Systems Analvsis Project 

PHJ:skc 

attachment 

cc: J, Thibodaux/PP 

C. Yodzis/EPl 
R. Polifka/EP2 
R. Kahl/T:P2 
M. Latisten/KP2 
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PROJECT TECHNICAL REPORT 


SPACE SHUTTLE ORBITER MAIN PROPULSION SYSTEM 
INTEGRATED TEST PHILOSOPHY 


NAS 9-8166 


May 1971 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON. TEXAS 


Prepared by 

Propulsion Technology Section 
Power Systems Department 
Aeromechanics Laboratory 


TRW 
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7 1 . 4J54 . 2-39 
21 Mav 1971 
RK: Task 802 


.\ational Aeronautics and Space Adniinistration 
Manned Spacecraft Center 
Houston, Texas 77058 


Attention: 11. I). Rliite, EP 

Propulsion and Pcns^er Division 


Subject: Engine Performance Analysis Computer Program Roauire;nents 

Reference: 1 RW IOC 71.4354.2-33, "Space Shuttle Engine Steady State 

Performance Analvsis Computer Program Requ i renients 
Recommendations," D. D. Tworek, 4 Mav 1971. 

Gentlemen : 


The attached reference presents recommended requirements tor the 
development of a Shuttle Vehicle engine performance analvsis computer 
program. It was assumed that this program would be used Jor test data 
reduction and analysis and for performance simulation studies. 


SlncereJ.v , 



P. H. Janak, Manager 
MSC/TRW Task ^802-. 



Coffman, Assistant Project Manager 
En^neering Analvsis 
Spacecraft Systems Analysis Project 


PHJ:JLC:akc 
Al tacJiment 


cc: C. Yodzis/lTl 

2. Kirkland/KP2 
C. Gibson/EP2 
J. U’ood/KP2 
H. Polifka/l-P2 
R. Kahi/EP2 
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71.4354. 2-40 
28 May 1971 
RK: Task 802 


R'aCional Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: H. D. UTiite, EP 

Propulsion and Power Division 

Subiect: OMS TherTta.! Analysis 

Reference: TRW IOC / 1 . 4352 . 28-12 , "OMS Turbopump Housing Temperature 

Response During Chilldown," G. M. Korb, 19 Mav 1971. 

Gentlemen : 

Tile attached reference presents a summarv ol the results of tlie; OMS 
chilldown analysis that was terminated to allow the application of 
resources to a more pressing thermal analysis. The model develoDcd 
is available to MSCi personnel and represents a significant analysis 
capability . 


Sincere i y , 



Engineering Analysis 

Spacecraft Systems Analysis Project 


PHJ :JLC :skc 

Attachment 

cc: C. Yoazls/nr2 

Z. Kirkland/HP2 
C. Gibson/EP2 
R. Kahl/EP2 
R. Polifka/EP2 
M. Lausten/EP2 
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71.4354.2-45 
21 .Time 1971 
Ri:: Task 802 


National Aeronantics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: v^H. D. White, EP 

Propulsion and Power Division 

Subject: QMS Turbopump Thermal Analysis 

Reference: TRW TOC 71-4352-28-13, "OMS Turbopump Thermal Modeling,” 

G. M. Korb, 14 June 1971. 

Gentlemen : 

The attached reference documents two currently operational turbopump 
programs that can be used for simulating the thermal performance of OMS 
turbopumps. The method of program development and temperature levels 
throughout the turbopump assemblies obtained from program output are 
provided in the Reference. These programs are now available for MSC 
personnel use and provide significant tools for conducting OMS thermal 
analyses. 

Sincerely, 



'P. H. Janak, Manager 
MSC/TRW Task 802 






/. L. Coffman, 'Assistant 
Engineering Analysis 
Spacecraft Systems Analvs 


Project Manager 
is Project 


PJK: jh 

Attachment 

cc: C. Yodzis/EP2 

Z. Kirkland/EP2 
C. Gibson/EP2 
R. Kahl/EP2 
R. Polifka/EF2 
M. Lausten/EP2 
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PROJECT TECHNICAL REPORT 

SPACE SHUTTLE ORBITER MAIN PROPULSION SYSTEM 
INTEGRATED TEST PHILOSOPHY (REVISION 1) 


NAS 9-8166 


June 1971 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 

Propulsion Technology Section 
Power Systems Department 
Aeromechanics Laboratory 


TRW 
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71 . m ^>. 2 - 

2 November 
RE : 


) ) 

1.971 




^fask 


E-98 A 



/ 


.National AeronanticP and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: W. E. Simon, Task Monitor/EP5 

Power Generation Branch 
Propulsion and Power Division 

Subject: Apollo 15 CSS Data Reduction Programs 

Reference: TRW IOC 71.4915.2-5^1, "Apollo 15 CSS Data Processing Progranis, 
R. K. M. Seto, 26 October 1971. 


Gentlemen: 

In performing the postflight analysis of the Cryogenic Storage System opera- 
tion during the Apollo 15 Mission, six data processing programs were developed. 
The purpose of these programs is to aid in the more rapid analysis of the f^ig t 
data. Two cf the programs are data editing and copying routines. Ine other 
four programs are used in the analysis of the flight data including _oxygen tank 
energy balance computations, pressure rise and decay rates calculations , ^heatei 
on and off determination, and maximum tank heater temperature determination. 

The Reference (enclosed) further describes the use and provides a listing for 
each program. The program listings contain numerous comment statements desciib- 
ing the input requirements, program logic, and output available. c cai ^ ec'o 
for these programs are also transmitted with tliis letter. 

Very truly yours, 





R. h, Morris, Subproject Manager 
Chemical and Mechanical Systems 
Spacecraft Systems Analysis Project 




f ~L. Coffman, Assistant Project Manager 
Engineering Analysis 

Spacecraft Systems Analysis Project 
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71.4910.42-13 
21 December 1971 
Re: Task E-98A 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 


Attention: W. E. Simon/EP5 

Subject: Apollo 15 Oxygen Tank Heater Temperature Analysis 

Reference: TRW IOC 71.4910.42-12, "Comparison of Apollo 15 Oxygen Tank 
Heater Temperatures to Predicted Values," R. K. M. Seto to 
File, Task E-98A, 21 December 1971. 

Gentlemen: 

In order to verify the oxygen tank heater temperature data presented in the. 
Apollo Fuel Cell and Cryogenic Storage Flight Support Handbook, a comparison 
of the Apollo 15 flight data and the corresponding handbook predicted values 
was performed (Reference). In general, it is concluded that the predicted 
values were in good agreement with the flight data, particularly when the 
vehicle was in the Passive Thermal Control mode and Lunar Orbit. While agree- 
ment was not as favorable when the vehicle was in the Attitude Hold mode, the 
predicted values of heater temperature were conservative. Thus, the handbook 
is useful for establishing the maximum temperatures Chat might occur in flight 
when in the Attitude Hold mode, although the actual values will probably be 
considerably below these predicted values. 


Yours very truly, 

R. L. Morris, Subproject Manager 
Chemical and Mechanical Systems 


RKMS : jh 
attachment 



< L. Coffman, Assistant Project Manager 
Engineering Analysis 
Spacecraft Systems Analysis Project 


cc: *R. Albon/BT12 

W. A. Chandler/EP5 
R. H. Kohrs/PD12 
R. R. Rice/EP5 
W. E. Rice/EP5 
H. D. White/EP 

*I\V0 attachment 
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PROJECT TECHNICAL REPORT 


NAS 9-12330 


APOLLO 15 MISSION 
CSM 112 

CRYOGENIC STORAGE SYSTEM 
POSTFLIGHT ANALYSIS REPORT 
MSC/TRW TASK E-98A 




Prepared for 

National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 


Prepared by 
R. K. M. Seto 

Propulsion Systems Section 
Applied Mechanics Department 
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PROJECT TECHNICAL REPORT 

APOLLO CRYOGENIC INTEGRATED SYSTEMS PROGRAM 
PROGRAMMER'S GUIDE 
MSC/TRW TASK E-98A 

FOLLOW-ON TO CONTRACT NOVEMBER 1971 

NAS 9-8166 


PREPARED FOR 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by: 
R. K. M. Seto 
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7 1 3. 2-- A 3 

A ^^oveii'.bcr .19 7.1 
Kb : Task ]'-9BA\ 


Na t.io;; ■■' 1 Aeronaut: i cs and Space Admin i strati on 
Manned Spacecraft Center 
llouston, Texas 77058 


Attention: M. L. Simon, Task Moni.tor/i.P.5 

Power Ceneration Branch 
Propulsion and Ponder Division 


Subject: Cryogenic Storage and Supply System 

Pressurization Kates for the Apollo 15 Mission 

Reference: .1) TRM IOC 7 1 . A91 5 . 2-42 , "Cryogenic Storage and Supp.ly 

System Pressurization Rates for the Apollo 15 Mission," 
c'. K. Barton to File, Task P-98, 4 November 1973.. 

2) TRW IOC 71.4915.2-54, "Apollo 15 CSS Data Processing Prtigr.wrs, 
R. K. M. Seto to Pile, Task i:-98, 26 October 1971. 


Gentlernen : 

X 

Transmitted herewith (Reference 3) i.s a set of pressurization plots for the 
Apollo 15 Cryogenic Storage System (CSS). These plots show pressu;.'izntion 
rates for the three oxvge:n tanks versus both tank quantity and ground elapsed 
time. The rates were computed from flight measured pressure data supplied 
by the M.i.ssion Support Division of MSC using n data processing program 
(Reference 2) developed under Subtask 1 (Apollo 15 l^os tf .1 igVi t Analysis)! These 
rates may be used in the analysis of Apollo CSS flow, energy balance, and 
stratification phenomena. 


Very truly yours, 



R. L. Morris, Subproject Manager 
Chemical and Mt'chanical Systems 
Spacecraft Systems Analysis Project 



Engineering Analysis 

Spacecraft Systems Analysis Project 

CE]^. : ns 
At tachment 


TPressurizal ion rate plots transmitted to addressee only 
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71.4915.2-40 
1 September 1971 
Re: Task E-98 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: W. E. Simon, Task Monitor/EP5 
Power Generation Branch 
Propulsion and Power Division 

Subject: Apollo 15 Cryogenic Storage System Flight Data 

Reference: TRW IOC 71.4915.2-39, ’’Apollo 15 CSS Flight Data," R. K. M. Seto 
to File, Task E-98 dated 1 September 1971 


Gentlemen: 

Transmitted herewith are a set of data plots* of thirty-five parameters 
related to the operation of the Apollo 15 Cryogenic Storage System (Reference 
Also included is a list of data dropout periods and a set of mission event 

tables . 


Very truly yours, 



R. L. Morris, Subproject Manager 
Chemical and Mechanical Systems 
Spacecraft Systems Analysis Project 



Coffman', Assistant Project Manager 
Engineering Analysis 
Spacecraft Systems Analysis Project 


RKMS : jh 

Attachment 

cc: R. Albon/BT12 

W. A. Chandler/EP5 
R. H. Kohrs/PD 
R. R. Rice/EP5 
W. E. Rice/EP5 / 

H. D. White/EP ^ 

* Date Plots Transmitted to Addressee Only 
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71.4354.3-35 
28 May 1971 
RE: Task E-98 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: Mr. W. E. Simon, Task Monitor/EP5 

Power Generation Branch 
Propulsion and Power Division 

Subject: Oxygen Tank Heater Simulation Results 

Reference: TRW IOC 71.4352.13-3, "Thermal Model of CSS O 2 Tank Heater," 

P. N. Hirasaki to File Task E-98, 25 May 1971 

Gentlemen : 

The Structures and Mechanics Division, MSC, provided a set of simulated 
temperature histories for the Apollo Cryogenic Storate System oxygen tank 
heaters. These histories were used to develop a simplified oxygen tank heater 
model that was incorporated into the Apollo Cryogenic Integrated Systems 
Program. Certain discrepancies including initial slope of curves, the magnitude 
of some of the curves and the temperature decay profiles at heater shutdown 
were noted. In order to correct the data and provide an independent check of 
the predicted temperatures, a thermal model of the heater column was developed 
using the Sinda program. The results of this model, the discrepancies 
observed in the data obtained from SID, and limited comparisons with Apollo 14 
flight data are discussed in the Reference (e.nclosed). 

Due to the limited scope of this portion of the task, a comprehensive 
investigation of the simulation discrepances could not be accomplished. It is, 
however, recommended that further analysis of this area be performed. 

Sincerely, 

'et'jL M 


R, K, M. Seto, Task Manager 
MSC /TRW Task 705-2 



Spacecraft Systems Analysis Project 

RKMS:vs 
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71. 4354. 3-34 
28 May 1971 
RE: Task E-98 


National Aeronautics and Space Administration 
Manned Spacecraft (;enter 
Houston, Texas 77058 


Attention: Mr. W. Simon, Task Monitor/EP5 

Power Generation Branch 
Propulsion and Power Division 

Subject: Cryogenic Storage Tank Remaining Quantities 

Program. 


Reference: TRW IOC 71.4354.3-32, "Program to Compute Remaining Quantities 

of Cryogens in the CSS Storage Tanks," R. K. M. Seto to File, 
Task E-98, 20 May, 1971. 


Gent lemen : 


A program has been developed to compute the remaining quantities of oxygen 
and hydrogen in the CSS storage tanks from the inflLght measured tank pressures 
and temperatures. A discussion of the program and a program listing are present- 
ed in the reference (enclosed). .A card deck also accompanies this letter. 

The program may be used during a flight as a back up method for determining 
remaining quantities should the quantity measurement be lost. 

Sincerely , 


RKMS : vs 

Enclosure : 

cc: R. H. Kohrs/PD7 
J. G. Thibodaux/EP 
Wh A. Chandler/EP5 
R. R. Rice/EP5 
Wh E. Rice/EPb 
R. Albon/PP7 


R. K. M. Seto, Task Manager 
MSC/TRW Task 705-2 




Coffman, /^sistant Project Manager 
Engineering Analysis 
Spacecraft Systems Analysis Project 


SYSTEMS GROUP Of- TPW INC HOUSTON OPERATIONS • P O BOX 58327. HOUSTON Tp.xaS 77355 • .C'-'- ? 


NARA SW Box E209H-121 



71.43Si.3-31 
19 Mav 1971 
RE: Task F-98 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, lexas 77058 


Attention: Mr. W. Simon, Task Monitor/EP5 

Power (leneration Branch 
Propulsion and Power Division 


Subject: CSS Oxygen Tank Heater Model 

Kel'erence: TRW IOC 71.4352.13-2, "CSS 0^ Tank Heater Temperatures 

for the Integrated Systems Program," P. X. Hirasaki to 
File, Task E-98, 18 May 1971. 


t'ent Lemen : 


A simplified oxvgen tank heater model has hoen developed for use in the 
Apollo Crvogc-nic Integrated Svstems Program. The model is based on heater 
simulation data supplied bv tlie Structures and Mechanics Division (SMD) and 
Apollo 14 flight data. From these sources, a set of curve fits was developed 
defining the temperature measured bv the heater column transducer as well as 
tl'ie hottest location on the heater column as functions of the number of licatcr 
elements active, the amount of oxvgen in the tanks and the heatei on time. 
Based on these temperatures, an average heater column temperature was also 
dofineu c.r use with the simplified st rat i f i cat i mode i. of the xr.tegrated 
Svstem Program in determining the heater energy transferred to the oxvgevi. 

A description of the data and resulting curve fit equations are given in 
the reference, (enclosed). 


Sincerely , 


A . L / J/. J< A ' 

R.* K. M. Seto, Task Manager 
MSC/TRW Task E-98 



J. L. Coffm.an, Assistant Project M.anager 
Engineering Analysis 

Spacecraft Systems Analysis Project 


RKMS/vs 


../.S 'f ves CHQi/P Oh rR-P. :\C HOUSTON OPEKATIONS • P O 80>. 58327. >iOUS!0\ rtxPS 77058 • : 71', ■ ■ 


NARA SW Box E209H-121 


20029-H149-R0-00 


PROJECT TECHNICAL REPORT 

SKYLAB SL2 MISSION 
CSM 116 

CRYOGENIC STORAGE SYSTEM 
PREFLIGHT PERFORMANCE REPORT 

MS C/TRW TASK E-98C 

NAS 9-12330 DECEMBER 1972 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 
R.K.M. Seto 

Propulsion Systems Section 
Applied Mechanics Department 


NARA SW Box E209H-121 


20029~H138-R0-00 


PROJECT TECHNICAL REPORT 


APOLLO 17 MISSION 
CSM 114 

CRYOGENIC STORAGE SYSTEM 
PREFLIGHT PERFORMAI>ICE REPORT 
MSC/TRW TASK E-93C 

NAS 9-12330 NOVEMBER 1972 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 
R.K.M. Seto 

Propulsion Systems Section 
Applied Mechanics Department 


NARA SW Box E209H-121 


20029-H121-R0-01 


PROJECT TECHNICAL REPORT 




SIMPLIFIED CRYOGENIC STORAGE 
SYSTEM PROGRAM 
MSC/TRW TASK E-98C 


SEPTEMBER 1972 
CHANGED NOVEMBER 1972 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 
R. K. M. Seto 
C, E. Barton 


TRW 

svsTtms e»ot» 


NARA SW Box E209H-121 



71.4354.2-25 
12 April 1971 
RE: Task 802 



National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: H. D. White/EP, Propulsion and Power Division 

Subject: Application of Composite Material Technology to Cryogenic 

Accumulators 

Gentlemen : 

Attached are five (5) copies of the subject report. This analysis was completed 
under the Attitude Control Propulsion System (ACPS) Gas Component Subtask of 
the Shuttle Vehicle Propulsion and Propellant System Analysis Task (802). 

The attachment contains a summary of the present technoloev associated with 
cryogenic accumulators made of composite materials. The study shows that such 
containers offer considerable potential weight savings over more conventional 
containers, although these containers will likely be more expensive. 

Yours very truly, 

7 u 

P\ H. Jahak, Manager 
MSC/TRW Task 802 


PHJ : jh 

attachment 

cc: J. Thibodaux/EP 

N. Chaffee/EP4 
C. Vaughn/EP4 




L. Coffman-^ Assistant Project Manager 
Engineering Analysis 
Spacecraft Systems Analysis Project 


SYSTEMS GROUP OP TRW INC HOUSTON OPERATIONS -P O BOX 58327, HOUSTON TEXAS 77058 • (713) 591-3133 


NARA SW Box E209H-121 



20029-HO58-R0-00 


PROJECT TECHNICAL REPORT 


APOLLO MISSION J2 
CSM 113 

CRYOGENIC STORAGE SYSXm 
PREFLIGHT PERFORMANCE REPORT 

NAS 9-12330 March 1972 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by: 

R. K. M. Seto 

Propulsion Systems Section 
Applied Mechanics Department 


NARA SW Box E209H-122 


Aciio in \f- 1 rati or. 


72.49]{).‘;:'.-16 
Kv: Task 


Tationa 1. Aer'ouatU; i cs avid Space 
MantU'd Sjaaci craf l Center 
Hoastonj Texrts 77038 

Attentiuii: C . L. S J iVic>ii/i-P5 

Subject: K{;vi si r-.n of the Af.silio Cryogenic Integrated Systeai.s Hydrogen 

Tank }!cat beak Model 

Reference: TRW JOC 72.4910.42-13, "Revision of the 'Hydrogen Tank Heat 

beak Model for th..-,- Apollo Cryogenic InLcgrat.cd Systems Program," 
R. K. M. Seto t-r Tile, Tank K-98A, 10 January 1972 

Gentlemen : 


The Apollo 15 ]i:>stfljght analysis of the operation of ti'ie Cryogenic StorcLgo 
System revealed l:he need to rreise the hydrogen tfiiik lie^it leak mode]. The 
model has been modified based on a nc-v.’ formulation recently made avai.labJ.e 
by the beech Aircraft Company. TIk’ reference (enclosed) docu.aeats tlie nev: 
model . 


Yours Very trul.y, 



R. L. Morris 
ChemicaL and 




x 

c. 



Subproject Manager 
Mechanical SvsLfms 




J. L. Coffman, Assistant Project Manager 
Engineering Analysis 

Spacecraft Systems Analysis Project 


RKMS : jh 
attaelmuuit 


cc: *R. 

Albon/BTl 2 

W. 

A 

Cluincl Ic’r /EPb 

R. 

H 

KohL-s/l’])12 

R. 

R 

Rict /Elk3 

W. 

i: 

Rice/TP5 

H. 

D 

V.Tii te/iJ’ 

*’W / V,' 

]■'. 

1C 1 os ur c 


■ . . > iW HOUSTON OPiRATlONS O tVvtX . UOOSl ON ’ ! X AS //n‘:S • ( /l.il t’''l Jn:, 


NARA SW Box E209H-122 



71. 4915. 2-35 


30 August 1971 
RE: Task E-99 



National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: F. D. Freeburn/EP2 

Propulsion and Power Division 
Primary Propulsion Branch 

Subject: Apollo 15 Primary Propulsion Systems 

Preliminary Flight Evaluation 

Gentlemen : 


The attachment to this letter contains the preliminary postflight 
evaluations of the Ascent (APS), Descent (DPS), and Service (SPS) 
Propulsion Systems performance during the Apollo 15 Mission. The subject 
evaluations will be used as the Primary Propulsions Branch's input 
to the MSG Apollo 15 Mission Report. 

The results of the evaluations were delivered to your office in •’ 
rough draft form on 20 August 1971 (SPS) and on 26 Augxast 19 71 (APS 
and DPS) in order to satisfy the Mission Report input schedule. 


RJS / jras 


Very truly yours, 



R. L. Morris, Subproject Manager 
Chemical and Mechanical Systems 
Spacecraft Systems i\nalysis Project 



Engineering Analysis 


Spacecraft Systems Analysis Project 


SYSTEMS GROUP Of TRW INC HOUSTON OPERATIONS - P O BOX 583^7. HOUSTON TEXAS 77058 • <713i 591-3133 


NARA SW Box E209H-122 


17618-H214-R0-00 




OX E209H-122 



17618-H215-R0-00 


PROJECT TECHNICAL REPORT 


APOLLO 14 
LM-8 

ASCENT PROPULSION SYSTEM 
FINAL FLIGHT EVALUATION 


Follow-on Contract to NAS 9-8166 


SEPTEMBER 1971 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 

Propulsion Systems Section 
Chemical and Mechanical Systems Department 


TRW 


NARA SW Box E209H-122 


PROJECT TECHNICAL REPORT 


APOLLO 14 
LM-8 

DESCENT PROPULSION SYSTEM 
FINAL FLIGHT EVALUATION 



Follow-On Contract to NAS 9-8166 


SEPTEMBER 1971 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON. TEXAS 


TRW 


NARA SW Box E209H-122 


17618-H224-R0-00 


PROJECT TECHNIGA.L REPORT 


DESCENT PROPULSION SYSTEM 

SUPERCRITICAL HELIUM PRESSURIZATION SYSTEM PROGRAM UPDATE 


Follow-On Contract to NAS 9-8166 


OCTOBER 1971 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


By 

P. J. Knowles 


Approved by: 





R. J. Smith, Manager 
MSC/TRW Task E-99’ 



TRW 


NARA SW Box E209H-122 



71 . 49! 2-96 

2 Nnw'Miil^c r J97.1. 
Ki:: T'osk !-;-'90 


iNnlioi^i! Ai ri.iiK'iiit i c:s aP.-.I Sp.icu AdiiiinLs t:ratl(>n 
M.iP.ncd Spacer, j:.. ft Cento r 
lloueten , 'J eans 7 7058 

Attention; Mr. F. D. ]'recburn/]:F2 

Propulsion and Pc'wer Division 
Primary Propulsion Branch 

Subject: Ascent Propulsion Systen (/iTS) Character! t;at.ion 

ncrorence; TRl-.’ TOC 71.4915.2-47, ’’Ascent Propulsion System (APS) 
Chnract eri za t i on 2 November 1971 

Cion tletic-n : 


Postfllgbt analysis results tliroujdi the Apollo 14 Mission indicated 
several possible discrepancies in t'le APS characte ri zn t i on used for pre- 
flipAt and postflip:;t analysis. Tlte reference presents the analyses of 
these di. sc reran c'i os , tbc' analyses of related characterization chan py.s , and 
rc i^oniren dc d r-o del I I'vp rove non ts . 

Results from a number of past postflip^t analyses have indicated 
that the techniq\K^s used to predict j\PS specific Impulse (Isp) :nay have 
been overly conservative. The reference contains a statistical analysis of 
tlu' APb Isp biases det erminc-d by postfliyht analyses. I’lie. ^results of the 
analysis show that there is no statistically significant bias between 
preflight predicted and postfllght derived values of Isp. 

An APS chai.'ber pressure r.easurc-riont error iv.odel was derived in order 
to increase the utility of the APS chamber pressure ineas urement , ^ GP 20 10 , 
during postfligbt analysis. The final form of the model was a sixtVi 
degree polynor.ijal with burn tine, as the independent paraT'-etor. The. 
dependent \’ariablc fro;’.i t’ne polynonial is used as a tine varying me.;.is u; e-iOii t 
bias. Data fre-n t.hi- postfllght analyses of 4, 5, 6, and 8 were used 

in the de riv a Li O'": oj the model. 

Clharacterization ol the APS tliroat erosion lua.s been a recurring^ 
difficulty in icost postfliniM analyses. Tiia objective of the analysis 
discussed in tlie referoace was to improve the throat erosion charas t e ri zat on 
oresentlv in use; liowever, it was fenuui tliat such a vMde diverpinco in thnwit 
crosio); ch a ract i ris t i cs cxisKu! that little imprnvemouL could bo imnh . 
it is rc cnmmend.d that tln^ presontlv used tlircuil erosion eii arno I c r i za 1 1 on 
cciuations continue to i.e usc^d for pruflipiit prediction and tiiat thev ee 
ad i us ; d if rcquii'i-d for iu)SLflight analyses. 


srsu ' ('• HOUSTON ori RAJiGsVS • (.! .■ - •.•'c/. HOUSTON II -.A:, /-.w..-.- • , kI 


NARA SW Box E209H-122 


17618-H232-RO-00 


PROJECT TECHNICAL REPORT 


SPACE SHUTTLE VEHICLE 
PROPELLANT UTILIZATION STUDY 


NAS 9-12330 


November 1971 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
PROPULSION AND POWER DIVISION 
HOUSTON, TEXAS 


Prepared by 
R. S. Hoyle 

Propulsion Systems Section 
Applied Mechanics Department 


Approved by: 


R. J. Smith, Manager 
MSC/TRW Task E-.99' 



AoDrovcd by: 



R. G. Payne^ Manager 
Applied Mechanics Dept. 


TRIV 


NARA SW Box E209H-122 







71.4910-42-5 
18 November 1971 
RE: Task E-99 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: Mr. F. D. Freeburn/EP2 

Propulsion and Power Division 
Primary Propulsion Branch 

Subject: Pressure Fed Shuttle Booster Propellant Utilization Analyses 

Reference: TRW IOC 71.4910-42-4, "Pressure Fed Shuttle Booster Propellant 

Utilization Analyses," 15 November 1971 

Gentlemen : 

The transmitted reference contains the results of the parametric analyses 
of the effects of booster propellant utilization on vehicle performance 
and on booster size for a LOX/propane pressure fed shuttle booster. 

The parametric data presented were generated at your request to support the 
current Propulsion and Power Division (PPD) analyses directed at establishing 
the requirements for an active propellant utilization (PU) system on the 
pressure fed booster. 

The reference presents parametric data relating the effects of booster pro- 
pellant outage on booster size, when the mixture ratio reserves are carried 
on the booster, and the effect of booster outage on weight-to-orbit when the 
reserves are included in the orbiter Flight Performance Reserves (FPR) . Also 
included are data showing propellant outage and the optimum fuel bias for 
various mixture ratio uncertainties and nominal propellant loads and the 
effect on the maximum outage of selecting different probability levels. The 
reference recommends that further analyses be made to better estimate the 
propulsion system mixture ratio uncertainties expected for the pressure 
fed booster, and that alternate optimum fuel biasing criteria be examined. 

Very truly yours. 


cc: H. D. White/EP 




R. L. Morris, Subproject Manager 
Chemical and Mechanical Systems 



Spacecraft Systems Analysis Project 


SYSTEMS GROUP OP TRW INC HOUSTON OPEnATIOMS • P O BOX 58327. HOUSTON TEXAS 77058 • (713) 597-3133 


NARA SW Box E209H-122 


PROJECT TECHNICAL REPORT 


APOLLO 16 MISSION J2/LM-1I/APS 
PREFT.IGHT PERFORMANCE RllPORT 


NAS 9-12330 


November 1971 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared 

by 

W. C. Griffin 

Propulsion Systems Section 
AppJied Mechanics Department 


Approved 



R. J. Smith, Manager 
Task E-99 


Approved 



TRW 


NARA SW Box E209H-122 


72.6531.42-76 
21 July 1972 
Re: Task E-99 



National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: F. D. Freeburn/EP2 

Propulsion and Power Division 
Primary Propulsion Branch 

Subject: Skylab Mission SL-2/CSM-116/SPS Preflight Performance Data 

Reference: NASA/MSC Memorandum, "SPS Data Requirements for the Skylab 
Operational Data Book," from FM/Chief, Mission Planning and 
Analysis Division to EP/Chief, Propulsion and Power Division, 
dated 18 April 1972. 

Gentlemen: 

The attachment to this letter contains the preliminary Service Propulsion 
System (SPS) preflight performance prediction data for Skylab Mission SL-2 
requested in the Reference. The attachment was prepared in a format suit- 
able for convenient incorporation into the Skylab Operational Data Book 
(ODB) and was delivered to you for review on 10 July 1972. 

Following your approval, a copy of the attachment was delivered to 
MSC/TRW Task KM-207 personnel to expedite incorporation of the data in the ODB. 


Very truly .yours, 



R. G. Payne, Subproject Manager 
Chemical and Mechanical Support 



RJS/ns 


SYSTEMS GftOUP OP r/tw »4C HOUSTON OPSHATIONS • P. O. BOX S9327. HOUSTON TEXAS 77058 • (7131 333^133 


NARA SW Box E209H-122 


72.4910.42-66 
16 June 1972 
Re: Task H-99 




-National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: Mr. F. D. Freeburn/HP2 

Subject: Computer Simulation of LM RCS lest Data 

References: 1) Thompson, P. F. , "Reaction Control System (RCS) Fluid 

Transients; LM RCS Computer Simulation Comparison 
to Test Data," TRW IOC 72.4910.42-59, 1 June 1972. 

2) Thompson, P. F. and Walsh, T. J., "Characterization of 
Attitude Control Propulsion Systems," MSC/TRW Task E~99, 
NAS 9-12330, TRW Systems Group, Houston, Texas, 

February 1972. 

3) "Trans lent Analysis Attitude Control Propulsion Systems 
Computer Program Documentation and User's Manual," 

TRV\' Technical Report 20029-H045-R0-00 , February 1972. 

4) Blevins, D. R. , "Apollo Lunar Module Reaction Control 
Subsystem Test," Internal Note No. MSC EP-R-68-17, 

1 October 1968. 

Gentlemen : 

Transmitted herewith are five copies of Reference 1, which presents the 
results of a simulation of actual LM RCS test data (Reference 4) using 
TRAP (Transient Analysis Attitude Control Propulsion Systems Computer 
Program, References 2 and 3). The analysis was performed to verify the 
operation of TRAP and provide confidence in the program for future ap- 
plications. The analysis consisted of a simulation of the LM RCS 
System B configuration. The combustor simulated was located in Quad II 
(combustor U9) and Vv’as operated through a 50 millisecond duty-cycle. The 
propellant feedline pressures were monitored during the test and the 
simulated values compared to the test data. The computer simulation of 
Lhe LM RCS System B test data gave very accurate results. The simulation 
gave identical frequencies for the oxidizer and fuel inlet pressures 
and gave pressure amplitude accuracies within 5 percent for the fuel 
pressure and 6 percent for the oxidizer pressure. The combustor simu- 
lation provided reasonable results except that the combustor pressure 


SYSTEMS GROUP Of TRW HC. HOUSTON OPeRATtONS • P. O. BOX 58327, HOUSTON TEXAS 770SS • (7t3} 333-^133 


NARA SW Box E209H-122 



72.4910.42-60 
31 May 1972 
Re: Task E-99 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: F. D. Freeburn/EP2 

Subject: Comparison of LM Descent Engine S/N 1044 and S/N ]027 

Reference: TRW IOC. 72.4910.42-52, "Comparison of DPS Engines 5/N 1044 
and S/N 1027", A. T- Awenire, dated 1 May 1972. 

Gent I emen : 

The referenced memorandum transmitted herewith documents a recent 
analysis which was performed at your request in order to support MSC’s 
decision to replace the LM-12 Descent Engine S/N 1044 with engine 
S/N 1027. The analysis provided the necessary propulsion system per- 
lc:)rniance data (both nominal and dispersion data) on each engine for 
MPAD to assess the comparative propellant margins for an Apollo 17 
(LM-12) mission v;ith either engine. The data were generated by 
performing nominal and Monte-Carlo dispersion simulations, for each 
engine, of the? Apollo 17 Descent Burn using the Descent-Ascent Monte- 
Carlo Program (DAMP). The most significant result of the analysis 
was that the overall effective specific impulse with engine S/N 1027 
was found to be 0.81 seconds greater than with engine S/N 1044. 

Because all the information required to generate a final detailed 
prediction for the Apollo 17 Descent Burn was not available, the 
absolute performance values presented should be considered preliminary. 
However, the differences between the two engines are considered valid 
and provided sufficient information to compare the two engines. The 
results of this analysis were delivered to you in draft form on 
11 Mav 1972 and this letter serves to document the previously delivered 
inf o rmat i on . 


RKMS : ns 



SYSTEMS GHOUP Of TPW INC HOUSTON OPERATIONS ' P. O. BOX 59327. HOUSTON TEXAS 77058 '(713) 333^133 



OX E209H-122 




72.4910.42-54 
10 May 1972 
Re: Task E-99 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: F. D. Freeburn/EP2 

Propulsion and Power Divisirn 
Primary Propulsion Branch 

Subject: Reaction Control Propulsion System Fluid Transients - 

Central Versus Modular Propellant Tank Configuration. 

Reference: TRW IOC No. 72.4910.42-53, Reaction Control System 
Fluid Transients; Central Tank Versus Modular Tank. 
Configuration," 5 May 1972. 

Gentlemen : 

Transmitted herewith are five (5) copies each of the referenced memo- 
randum which contains the results of a study to compare the fluid 
transients between central and modularized propellant tank configurations 
for a Reaction Control System (RCS) . Detailed plots of the systems 
flowrates and pres.sures are presented in the report. Wliere appropriate, 
fluid damping requirements are also identified. 

In general, the long propellant lines associated with the central tank 
configuration will experience large hydraulic transients. The analysis 
indicated that maximum pressures due to valve closure may reach 684 psia 
and resulting rarefaction waves could lower Che system pressure to the 
vapor pressure of the propellant. Under these conditions, any requirements 
for thrust could not be met. Therefore, accumulators are required in the 
central tank configuration to dampen the fluid transients. The results 
of the study indicate no significant hydraulic transients will exist in the 
modularized tank configuration. 


SYSTEMS GftOOP Of THW INC HOUSTON O^EMTIONS • P. O. BOX S9327. HOUSTON TEXAS 77058 ■ (773) 333-3133 


NARA SW Box E209H-122 


72.4910.42-62 
14 June 1972 
Re: Task E-98A 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 


Attention: W. E. Simon, Task Monitor, EP5 


Subject: Documentation Revision for the Apollo Cryogenic 

Integrated Systems Program 


References: 1. TRW Technical Report No. 17618-H153-R0-00 , "Apollo 

Cryogenic Integrated Systems Program," R. K. M. Seto, 
C. E. Barton, J. E. Cunningham, May 1971. 


TRW Technical Report No. 17618-H186-RO-O0 , "Apollo 
Cryogenic Integrated Systems Program, User's Manual," 
R. K. M. Seto, July 1971. 


TRW Technical Report No. u<j , "Apoilo 
Cryogenic Integrated Systems Program, Programmer's 
Guide," R. K. M. Seto, November 1971. 


4. TRW IOC 72.4910.42-39, "Revised Dynamic Heater Model 
for Apollo Cryogenic Systems Program," C. E. Barton, 
27 March 1972. 


5. TRW IOC 72.4910.42-15, "Revision of the Hydrogen Tank 
Heat Leak Model for the Apollo Cryogenic Integrated 
Systems Program," R. K. M. Seto, 10 January 1972. 

Gentlemen : 


Since the time chat the Apollo Cryogenic Integrated Systems Program 
(HC005A) was originally documented (References 1-3) numerous revisions, 
additions and modifications have been implemented in the program. The 
principal revisioi'. was the reformulation of the oxygen tank heater 
temperature model (Reference 4) while the principal addition was the 
inclusion of a detailed hydrogen tank heat leak model (Reference 5) . 

The program changes have been documented and it is requested that the 
revised pages (enclosed) be inserted into the original documents. A 
list of the effective page changes follows the new signature page for 
each document. 
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NARA SW Box E209H-122 


20029-H055-R0-00 


BIMONTHLY PROGRESS REPORT 


SPACECRAFT SYSTEMS ANALYSIS PROJECT 


NAS 9-12330 


15 MARCH 1972 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW 


NARA SW Box E209H-123 




20029- H078-R0-00 


BIMONTHLY PROGRESS REPORT 


SPACECRAFT SYSTEMS ANALYSIS PROJECT 


NAS 9-12330 


1 5 MAY 1 972 


Prepored for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW 


NARA SW Box E209H-123 


20029- H099-R0-00 


BIMONTHLY PROGRESS REPORT 


SPACECRAFT SYSTEMS ANALYSIS PROJECT 


NAS 9-12330 


15 JULY 1972 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW 


NARA SW Box E209H-123 


20029-Hn6-R0-00 


BIMONTHLY PROGRESS REPORT 


SPACECRAFT SYSTEMS ANALYSIS PROJECT 


NAS 9-12330 


15 SEPTEMBER 1972 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW 


NARA SW Box E209H-123 


20029-H134-RO-00 


BIMONTHLY PROGRESS REPORT 


SPACECRAFT SYSTEMS ANALYSIS PROJECT 


NAS 9-12330 


15 NOVEMBER 1972 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW 


NARA SW Box E209H-123 


20029- HI 54- RO-00 


BIMONTHLY PROGRESS REPORT 


SPACECRAFT SYSTEMS ANALYSIS PROJECT 


NAS 9-12330 


15 JANUARY 1973 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW 


NARA SW Box E209H-123 


20029- H167-R0-00 


BIMONTHLY PROGRESS REPORT 


SPACECRAFT SYSTEMS ANALYSIS PROJECT 


NAS 9-12330 


15 MARCH 1973 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW 


NARA SW Box E209H-123 




20029-H180-RO-00 


BIMONTHLY PROGRESS REPORT 


SPACECRAFT SYSTEMS ANALYSIS PROJECT 


NAS 9-12330 


1 5 MAY 1 973 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
JOHNSON SPACE CENTER 
HOUSTON, TEXAS 


TRW 


NARA SW Box E209H-123 




20029-H200-R0-00 


BIMONTHLY PROGRESS REPORT 


SPACECRAFT SYSTEMS ANALYSIS PROJECT 


NAS 9-12330 


15 JULY 1973 


Prepored for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
JOHNSON SPACE CENTER 
HOUSTON, TEXAS 


TRW 

SrsrwMS oitOim 


NARA SW Box E209H-123 


20029-H209-RO-00 


BIMONTHLY PROGRESS REPORT 


SPACECRAFT SYSTEMS ANALYSIS PROJECT 


NAS 9-12330 


1 5 September 1 973 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
JOHNSON SPACE CENTER 
HOUSTON, TEXAS 


TRW 


NARA SW Box E209H-123 




20n29-H224-R0-00 


BIMONTHLY PROGRESS REPORT 


SPACECRAFT SYSTEMS ANALYSIS PROJECT 


NAS 9-12330 


15 November 1973 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
JOHNSON SPACE CENTER 
HOUSTON, TEXAS 


TRW 


NARA SW Box E209H-123 




20029-H230-R0-00 


BIMONTHLY PROGRESS REPORT 


SPACECRAFT SYSTEMS ANALYSIS PROJECT 


NAS 9-12330 


15 January 1974 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
JOHNSON SPACE CENTER 
HOUSTON, TEXAS 


TRW 


NARA SW Box E209H-123 





20029-H041-RO-00 


PROJECT TECHNICAL REPORT 


STEADY-STATE ATTITUDE CONTROL PROPULSION SYSTEMS 
COMPUTER PROGRAM DOCUMENTATION AND USER'S MANUAL 

VOLUME II 
MSC/TRW TASK E-99 


NAS 9-12330 January 1972 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW 

srariMS onovf 


NARA SW Box E209H-123 


20029-H023-R0-00 


BIMONTHLY PROGRESS REPORT 

SPACECRAFT SYSTEMS ANALYSIS PROJECT 
NAS 9-12330 1 5 JANUARY 1 972 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW 


NARA SW Box E209H-123 





2QQ29>HQ42-RO-QQ 


PROJECT TECHNICAL REPORT 

CHARACTERIZATION OF ATTITUDE CONTROL PROPULSION SYSTEMS 
MSC/TRW TASK E-99 


NAS 9-12330 


February, 1972 


Prepares for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON. TEXAS 


TRW 


NARA SW Box E209H-124 




20029-H045-RO-00 


PROJECT TECHNICAL REPORT 


TRANSIENT ANALYSIS ATTITUDE CONTROL PROPULSION SYSTEMS 
COMPUTER PROGRAM DOCUMENTATION AND USER'S MANUAL 

MSC/TRW TASK E-99 


NAS 9-12330 


February, 1972 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW 

srsTtms a»ovP 


NARA SW Box E209H-124 


72.4910.42-45 
10 April 1972 
Re; Task I-:-99 


National Aeronaiitics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 


Attention: F. D. Freeburn 

Propulsion and Power Division 
Primary Propulsion Branch 


Subject: Amendment to the Apollo Mission J2/LM-11/DPS Preflight Performance 

Report 

Reference: TRW Project Technical Report 20029-H054-R0-00 , "Apollo Mission 
J2/LM-11/DPS Preflight Performance Report," A. T. Avvenire, 

C. R. Savino, March 1972. 


Gentlemen: 


A revision to the reference preflight analysis has been necessitated by 
several recent changes in the amount of propellants defined as unusable 
in Che Descent Propulsion System (DPS) tanks and the amount of propellants 
considered to be below the low level sensors in Che oxidizer and fuel tanks. 
Most significantly, these changes decreased the amounts of propellant defined 
as unusable by 14.2 Ibm for oxidizer and 6.1 ibm for fuel. As a result of 
the revisions noted above, the predicted low level sensor actuation tine 
(fuel tanks) has been reduced by approximatelv three seconds and the pre- 
dicted hover time remaining at the end of the nominal predicted Descent 
Burn has been increased from 138 seconds to 141 seconds. The total 
predicted burn time to depletion has been increased by three seconds. 

Required changes to the reference report are contained on the attached pages 
ten (10) copies of which are transmitted herewith. Changes are indicated by 
a vertical bar in the page margin. The amended pages should replace the 
originals . 

Personnel associated with MSC/TRW Task ASP0-6K have been informed of these 
revisions to expedite incorporation in the Spacecraft Operational Data Book. 


Yours ve.rv trulv. 



R. G. Pavne , Subproj ect Manager 
Chemical and 'W-^chanical Systems 



V. R. Widerq^st, Manager 
Spacecraft ^sterns Analysis Project 


SYSTEMS GROUP OP TRW INC HOUSTON OPERATIONS • P. O. BOX 58327. HOUSTON TEXAS 77058 • (713t 333^133 


NARA SW Box E209H-124 



20029-H047-R0-00 


PROJECT TECHNICAL REPORT 


APOLLO MISSION J2/CSM-113/SPS 
PREFLIGHT PERFORMANCE REPORT 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 

Propulsion Systems Section 
Applied Mechanics Department 


TRIV 


NARA SW Box E209H-124 


20O29-H054-R0-00 


PROJECT TECHNICAL REPORT 


APOLLO MISSION J2/LM-1 1/DPS 
PREFLIGHT PERFORMANCE REPORT 


NAS 9-12330 


MARCH 1972 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 
A. T. Avvenire 
Propulsion Systems Section 
Applied Mechanics Department 


TRW 

srsrfMS citou^ 


NARA SW Box E209H-124 


20029 “H062-RO-00 


PROJECT TECHNICAL REPORT 


NAS 9-12330 


APOLLO 15 
LM-10 

ASCENT PROPULSION SYSTEM 
FINAL FLIGHT EVALUATION 

MARCH 1972 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 

Propulsion Systems Section 
Applied Mechanics Department 


NARA SW Box E209H-124 




72.4910.42-46 
13 April 1972 
Re: Task E-99 


National Aeronautics and space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: F. D. Freeburn/EP2 

Propulsion and Power Division 
Primary Propulsion Branch 

Subject: Apollo Mission J2/CSM-n3/SPS PreEUgbt Performance Report 

Reference: 72 4910.41-26. "Apollo Mission J2/CSM-113/SPS 

PrefUght Performance Report.” 16 February 1972 . 

Gentlemen: 

The mission planning for Anolln ia u 

the Lunar Orbit Plane Change 1 (LOPC 1) bu?n‘'^''^he‘^ respect to 

now calls for the LOPC 1 burn t-n k c j mission planning 

Single Bore (B Bankride ^opera 
System (SPS). The enclosed taLes “rLint 

replace Tables 10 and llh^h^- a^L^-^fferl!:::! 

Yours very t^uly, 


Payne, s/bprcject Managi 
Chemical and Mechanical Sys^ 


V. R. Widerqui^, Ma^er 
Space Syste^^nalysis Project 


RJS ;ns 


*R. Albon/BT12 
*M. H. Sand.s/BB22 
R- H. Kohrs/PD12 / 

H. D. White/£P12*^ 

Technical Library Branch/JM6 
^Technology Utilization Office/JM7 


asouc or ,.c .ousro. oee«r,o.a . s o ao. ..r, .ousro. rr.« o,ao 


NARA SW Box E209H-124 


20029-HO79-R0-00 


PROJECT TECHNICAL REPORT 


SPACE SHUTTLE PROGRAM, ORBITAL MANEUVERING SYSTEM (OMS) , 
INTEGRATED SYSTEM TEST PROGRAM 


NAS 9-12330 


APRIL 1972 


PREPARED FOR 

NATIONAL AERONAUTICS AND SPACE AIM IN I ST RAT I ON 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by: 

Propulsion Systems Section 
Applied Mechanics Department 


NARA SW Box E209H-124 




20029-H084-R0-00 




20029-H102-R0-00 


PROJECT TECHNICAL REPORT 


APOLLO 15 
CSM 112 

SERVICE PROPULSION SYSTEM 
FINAL FLIGHT EVALUATION 


NAS 9-12330 1972 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 

Propulsion Systems Section 
Applied Mechanics Department 


NARA SW Box E209H-124 


2Q029-H109-R0-00 


PROJECT TECHNICAL REPORT 


IMPROVEflENTS TO THE TRANSIENT ANAI.YSIS ATTITUDE 
CONTROL PROPULSION SYSTEMS COMPUTER PROGRAM 

MSC/TRW TASK E-99 


NAS 9-12330 


AUGUST 1972 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW 


MARA SW Box E209H-124 


20029-H123-R0-00 


PROJECT TECHNICAL REPORT 


APOLLO MISSION J3/CSM-n4/SPS 
PREFLIGHT PERFORMANCE REPORT 

NAS9-12330 OCTOBER 1972 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 

Propulsion Systems Section 
Applied Mechanics Department 


TRW 


NARA SW Box E209H-124 




20029-H126-RO-00 


PROJECT TECHNICAL REPORT 


APOLLO 17 MISSION J3/LM-12/APS 
PREFLIGHT PERFORMANCE REPORT 


NAS9~12330 


OCTOBER 1972 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared 

by 

W. G. Griffin 

Propulsion Systems Section 
Applied Mechanics Department 


TRW 


NARA SW Box E209H-124 



20029-H040-RO-00 


PROJECT TECHNICAL REPORT 


STEADY-STATE ATTITUDE CONTROL PROPULSION SYSTEMS 
COMPUTER PROGRAM DOCUMENTATION AND USER'S MANUAL 

VOLUME I 

MSC/TRW TASK E-99 


NAS 9-12330 


FEBRUARY 1972 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW 


NARA SW Box E209H-124 




72.6531 .42-109 
29 December 1972 
Ke : Task E-99 


Xational Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: F. D. Freeburn/hP2 

Propulsion and Power Division 
Primary Propulsion Branch 

Subject: Sky 1 ab Missions SL-3 and SL-4/CSM-I17 and CSM-118/SPS 

P ref light Performance Data 

Keference: .\’ASA/MSC .Memorandum, "SPS Data Requirements for the Skylab 

Operational Ucata Book,” from FTi/Ciiief, Mission Planning and 
.•"■inaiysis Division to EP/Chief, Propulsion and Power Division, 
dated 18 April 1972. 

Geiitlemen : 

The attachment to this letter contains the Service Propulsion System (SPS) 
preflight performance prediction data for Skylab Missions SL-3 and SL-4 
requested in the Reference. The attachment was prepared in a format 
suitable for convenient incorporation into the Skylab Operational Data 

Book (ODB). 

Very truly yours, 



RJS : jo 


SYSTEMS GROUP Of r/m iNC HOUSTON OPERATIONS' P.o. BOX SS327. HOUSTON TEXAS 77058 • (713! 333^133 


NARA SW Box E209H-125 



•C- 


6531.11-73-07 
16 January 1973 
Re: Task E~99 


Rational Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: Mr. F. i). Freebum/EP2 

Subject: Apollo 17 Primary Propulsion Systems Preliminary 

Flight Evaluation 

Gentlemen : 

The attachment to this letter contains Che preliminary postflight 
evaluation of the Ascent (APS), Descent (DPS), and Service (SPS) 
Propulsion Systems performance during the Apollo 17 Mission. The 
subject evaluations will be used as the Primary Propulsion Branch's 
input to the MSC Apollo 17 Mission Report. 

The results of the evaluations were delivered to your office in rough 
draft form on 12 January 1973 (APS and DPS) and on 16 January 1973 
(SPS) in order to satisfy the Mission Report input schedule. 

Very truly yours , 




R.K.M. Seto, Task Manager 
Task E-99 



cc: R. K. Rohrs/Pl)12 

J. D. Norris/EP2 
*M. H. Sands/BB22 
H. D. White/EP12 
Technical Library Branch/JM6 
*Technology Utilization Office/JM7 


SYSTEMS GHOUP Of TPW MC WUSTON OPERATIOMS • P. O. BOX 58977. HOUSTON TEXAS 77058 • (713> 333.^133 


NARA SW Box E209H-1 25 






6531.11-73-09 
19 January 1973 
R.e: Task E-99 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Attention: Mr. F. D. Freeburn/EP2 

Subject: Apollo Propulsion Data Reduction and Plotting 

Reference: TRW IOC 72.6531.42-107, "Data Reduction Requirements for 

Apollo 17," C. R. Savino, 22 December 1972. 

Gentlemen: 

Because the performance of the SPS, DPS, and APS propulsion systems 
appears to liave been satisfactory during the Apollo 17 Mission, there 
have been no requirements to process the flight data. If the need arises, 
however, the procedure necessary to process and plot the flight data are 
presented in the attached document. 

Very truly yours, 



R.K.M. Seto, Manager 
Task t-99 



RKMS : j 0 

^Appendices to addressee only. 

cc; R. H. Kohrs/PDl2 
H. D. White/EP12 


SYSTEMS GBOUF Of Tim INC HOUSTON OPEIUTIONS ■ P. O. BOX 5S327. HOUSTON TEXAS 770S8 • (713) 333-3133 


NARA SW Box E209H-125 



6531.11-73-14 
7 February 1973 
Re: Task E-99 


ilatioual Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 


Attention: Mr. F. D. Frecburn/EP2 

Subject: Ascent Propulsion System Specific Impulse Study 

Gentl eiiien : 

Subsequent eo the flight of Lf1-8 (Apollo 14), a statistical study was 
conducleo to determine if the method used to predict the specific im- 
pulse of the Ascc-nt Propulsion System (APS) was too conservative. The 
reason for initiating the study was because postfliglit evaluation of the 
APS performance indicated that the inflight engine specific impulse was 
greater than predicted for several vehicles. 

Wicii eacii additional Anollo flight, the study has been reviewed and up- 
uated. The enclosure presents the results of the latest update and 
includes tiie data from LM-ll (Apollo 16). 

It was founo that the computed flight performance increase was not statis- 
tically significant and, therefore, no changes to the APS perfori’‘ance pre- 
diction methods are warranted. 


Yours very truly. 


J:v 

R.K.M. Seto, Manager 
Task L-99 




R. h. Kohrs/PDl.? 
II. b. ::;.Ue/EP 


SYSTEMS GfKkJPOf TftW MC ttOVSTON OPBRATIOMS • P. O. BOX S93S7. HOUSTON TEXAS 77059 • (7r3> 333^733 


NARA SW Box E209H-125 


6531 .11-73-1 5 
1 6 February 1 973 
Re: Task E-99 


ilational Aeronautics and Space Administration 
llannc-u Spacecraft Center 
Houston , Texas 77058 

Atcention: F. D. Freeburn/EP2 

Propulsion and Pov/er Division 
Primary Propulsion Branch 

Subject: Skylab Mission SL-4/CSM 119 Back Up SPS Preflight 

Performance Data 

Reference: NASA/MSC Memorandum, "SPS Data Requirements for the Skylab 
Operational Data Book," from FM/Chief, Mission Planning and 
Analysis Division to EP/Chief, Propulsion and Pov^er Division, 
dated 18 April 1972. 

Gentlemen : 

The attachment to this letter contains the back up Service Propulsion 
System (SPS) preflight performance prediction data for Skylab Mission 
5L-4 requested in the Reference. The attachment was prepared in a format 
suitable for convenient incorporation into the Skylab Operational Data 

book (OUB) . 

Very truly yours , 



R.K.M. Seto , Manager 
Task E-99 



V. R. widerquis 
Spacecraft Sy 


Manager 
ms Analysis 


Project 


RSMS: jo 



JMR 

P 

cc: A. A. 

Bi sfiop/KM2 

R. H. 

Kohrs/PD 

H . b. 

Wiiite/EP12 


SYSTEMS GROUP Of TfiW iNC HOUSTON OPiRArtONS ‘ P. O. BOX i$3?7. HOUSTON TEXAS 770Sa • (7137 333-3133 


NARA SW Box E209H-125 


C53] .ll'?3-5] 

1 5 June 1 573 
Re; Task. L-59 


Aeroiiauli cs and Space Adininistratioi^ 

Johiisod space Center 
Houston , Texas 77058 

A-:, tain: ion ; Mr. T. U. Fre'jburn/£P2 

Propulsion and Power Division 
Primary Propulsion Branch 

SiJujact; Apollo-Soyuz Test Program l-iission ASrp/CSM 111 SPS PrefligivL 
Performance Data 

Rij ft, ranee; ,'iASA/JSC Form, "Request for ASTP Operatioiial Data," from 
WL 3/ Ope rational Data Brancli to FP/Propulsion and Power 
Division dated 17 April 1973. 

ucntl omen ; 

Mie attachment to tliis letter contains tiic Service Propulsion System (SPS) 
pt'cfl i Qiit performance prediction data for Apollo-Soyuz Test Program 
Mi'ission raquested in tlie Reference. The at ■.aclunent was prepared in a 
format suiiai/le for convenient incorporatiori into t;ie ASTP Operational 
Data Book (ODB)- 

A ry truly yours , 


k. K. M. Seto, l-lanager 
Task 11-99 




' . R, i derqiTi St , Manager 

Spa.'o raft Systems Analysis Project 

. ' 1 ’ i ^ I r 


w 


Dec: *W. L. Hussey 

TRW Teciinical Library - l!C 

*Without attaenment 


A. A. Bisnop/FJ12 
R. ii. Kohrs/WC 
im D. '-ihitG/FP12 


SYSTEMS ''»OUP Of TRW INC »OUSTO*Y OPERATIONS • P O BOX 58327. HOUSTON TEXAS 77058 • (7I3> 33Mt33 


NARA SW Box E209H-125 


7 





6531 .1 1 -73-54 
25 June 1973 
Re: Task E-99 


i^ational Aeronautics and Space Administration 
Johnson Space Center 
Houston, Texas 77058 

Attention; Mr. F. D. FrGGburn/EP2 

Subject; Modifications to the Propulsion Analysis Trajectory 
Simulation Program to Incorporate a Two-Module 
Propulsion System Model 

Reference: TRW IOC 6531.11-73-53, "Two-Pod Propulsion System Model," 

R. K. M. Seto and T. J. Walsh, 22 June 1973. 

Gent! emen : 

In order to provide the capability to simulate the operation of a two- 
module propulsion system, the Propulsion Analysis Trajectory Simulation 
(PATS) program was modified using engine information received from 
HASA/JSC. Tiie reference (enclosed) documents the modifications made 
and discusses changes in program input and output. A formal PATS 
User's Manual Addendum will be published in the near future. 

Very truly yours , 


R. K. fi. Seto, Manager 
Task E-99 





cc: A. A. Bishop/KfM 
J. C. Hooper/EP2 
H. D. White/EP12 


YSTEMS GROUP Of TRW INC HOUSTON ORfRATtONS • P. O. BOX 58327, HOUSTON TEXAS 77058 • (7131 333-3133 


NARA SW Box E209H-125 


20029-H156-RO-00 


PROJECT TECHNICAL REPORT 

APOLLO 16 
LM-11 

DESCENT PROPULSION SYSTEM 
FINAL FLIGHT EVALUATION 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 
A. T. Avvenire 
Propulsion Systems Section 
Applied Mechanics Department 


TRW 


NARA SW Box E209H-125 


20029-H160-R0>00 


PROJECT TECHNICAL REPORT 


APOLLO 16 
CSM 113 

SERVICE PROPULSI(»4 SYSTEM 
FINAL FLIGHT EVALUATION 


NAS 9-12330 


JANUARY 1973 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 

R. J. Smith 

S. C. Wood 

Applied Mechanics Section 
Systems Evaluation Department 


TRW 


NARA SW Box E209H-125 




20029-M162-R0-00 


PROJECT TECHNICAL REPORT 


APOLLO 16 
LM-n 

ASCENT PROPULSION SYSTEM 
FINAL FLIGHT EVALUATION 


[IAS 9-1 2330 


February 1973 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 
W. G. Griffin 

Systems Evaluation Department 


NARA SW Box E209H-125 



20029-H177-R0-00 

PROJECT TECHNICAL REPORT 

TASK E-99 


ADVANCED SPACECRAFT ORBIT MANEUVERING SYSTEM 

DEVELOPMENT TEST PROGRAM GUIDELINE 

(OMS) 


NAS 9 12330 MARCH 1973 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
JOHNSON SPACE CENTER 
HOUSTON, TEXAS 


Prepared by 

Applied Mechanics Section 
Systems Evaluation Department 


TRW 


MARA SW Box E209H-125 


20029-H175-R0-00 


PROJECT TECHNICAL REPORT 


STEADY-STATE SIMULATION PROGRAM FOR 
ATTITUDE CONTROL PROPULSION SYSTEMS 

MSC/TRW TASK E-99 

NAS 9-12330 MARCH 1973 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
JOHNSON SPACE CENTER 
HOUSTON, TEXAS 


Prepared by 
P. J. Heinmiller 
Applied Mechanics Section 
Systems Evaluation Department 


TRW 


NARA SW Box E209H-125 


20Q29-H197-RQ-0Q 


PROJECT TECHNICAL REPORT 


ADDENDUM TO USER'S MANUAL 
FOR THE PROPULSia'i 

ANALYSIS TRAJECTORY SIMULATION PROGRAM 

ORBITAL MANEUVERING SYSTEM 

I^Ar9^T2330^"““"“ 


Prepared for 

NATIONAL AERONAUTICS AI'ID SPACE ADMINISTRATION 
JOHNSON SPACE CENTER 
HOUSTON, TEXAS 


TRW 


NARA SW Box E209H-125 



20029-H130-R0-00 


PROJECT TECHNICAL REPORT 


APOLLO MISSION J3/LM-12/DPS 
PREFLIGHT PERFORMANCE REPORT 


NAS 9-12330 


OCTOBER 1972 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 
A. T. Awenire 
Propulsion Systems Section 
Applied Mechanics Department 


NARA SW Box E209H-125 



2251-6028-R0000 



PROGRAM TECHNICAL REPORT 
TASK ASPO-117-1 


FINAL ANALYSIS OF THE SERVICE MODULE RADIAL 
BEAM FAILURE DURING ACOUSTIC TESTING 


Contract NAS 9-4810 


16 May 1966 


TRWsystems 






2251-6029-R0000 


PROGRAM TECHNICAL REPORT 
TASK ASPO-1 7-1 


FINAL ANALYSIS OF THE 

COMMAND MODULE - LUNAR EXCURSION MODULE 
INTERFACE LOAD DISTRIBUTION 

Contracf NAS 9-4810 16 May 1966 


TRW SYSTEMS 


NARA SW Box E209H-12 




2251-6031-R0O00 


PROGRAM TECIIiSIICAL REPORT 


TASK ASPO-17~(7) 


GENERALIZED FORCES FOR APOLLO SPACECRAFT 
ON SATURN V AND SATURN IB 


NAS 9-4810 


1 MAY 1966 


TRW SYSTEMS 


NARA SW Box E209H-12 





2 2 5 1 - 6 03 2 - : 1 0 0 0 C 


I'I'(;GRAiO 'lECPil'lICAL REPOH'i 
■Task ASPO - 17-5 


AI'..ALy':iCAL TEST SOLUTION 
FOP. TEE STAE II CP:AiiF.ING ABLATOR 

15 June 1966 


Prepared for 

National Aeror.c'iutics and Space AdaTiinistration 
Panned Spacecraft Center 
Houston, Texas 
MAS P-A810 


Prepared by: A. S. Eeri.iamin 


Approved 



KIANa SW Box E209H-12 



PROGRAM TECHNICAL REPORT 


TASK ASPO 17-2 


REVISION B DRAFT 
LTA-8 TEST PLAN 
THERMAL-VACUUM-MSC 


CONTRACT NAS 9.4810 


20 MAY 1966 




TRW SYSTEMS 





NARA SW Box e209H-12 



2251-6035-T0000 


PROGRAM TECHNICAL REPORT 
TASK ASPO-39 


STRENGTH CAPABILITY OF 
THE BLOCK I LAUNCH ESCAPE S Y S T E M /C O MM A N D 

MODULE INTERFACE 


NAS 9-4810 


1 JULY 1966 


TRW SYSTEMS 






2251-6036-R0000 


PROGRAM TECHNICAL REPORT 
TASK ASPO-17, SUBTASK 2 


GUIDELINES FOR THE 

ESTABLISHMENT OF TEST RULES AND CRITERIA 
FOR THERMAL/VACUUM TEST PROGRAMS 


NAS 9-4810 


7 JUNE 1966 


TRW SYSTEMS 


klARA SW Box E209I-I-12 



2251-6038-R0000 


PROGRAM TECHNICAl REPORT 
TASK ASPO-17-(4) 


TRW SESL CHAMBER A 

THERMAL ENVIRONMENT/OO 8 SPACECRAFT COMPUTER PROGRAM 


NAS 9-4810 


30 June 1966 


TRW SYSTEMS 








2251-6039-R0000 



PROGRAM TECHNICAL REPORT 
TASK ASPO-17-5 

DESCRIPTION OF MODIFICATIONS MADE IN THE 
MSC STAB II CHARRING ABLATION PROGRAM 

15 July 1966 


Prepared for 

National Aeronuatics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 
NAS 9-4810 


Prepared By: A. S. Benjamin 
A. H. Silver 


Approved By: 



A. J. ^i^raldi, Manager 
Apollo Engineering Operations 
Department 




ox E209H-12 



2251-604O-R0000 


PROJECT TECHNICAL REPORT 
TASK ASPO-39 

COMMAND MODULE-SERVICE MODULE INTERFACE 
STRENGTH CAPABILITY, BLOCK I! 


NAS 9-4810 


31 AUGUST 1966 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW SYSTEMS 


NARA SW Box E209H-12 





2251-6027-R0000 


PROGRAM TECHNICAL REPORT 
TASK ASPO-17-2 


REVIEW OF APOLLO DOCKING TEST DEVICE 

TEST PROCEDURE 


NAS 9-48 lO 


S APRIL 1966 


^6-^' /A"-’ 


TRW SYSTEMS 


NARASW Box E209H-12 



2261-6007-TU-R01 


APOLLO BLOCK I 
TASK MSC/TRW ASPO-19 


PROPULSION PERFORMANCE EVALUATION, 
MALFUNCTION CRITERIA AND 
FLIGHT DATA REQUIREMENTS 
REVISION I 


NAS 9-481.0 


1 DECEMBER 1965 


mi SYSTi^S i 
HOUSiON 0P£RAT!v./ | 

TtCHf.LAl lIBRAftY i 


TRIV SYSTEMS 


NARA SW Box E209H-13 






2261-6007-TU-002 


APOLLO BLOCK I 
TASK MSC/TRW ASPO-19 


FLIGHT READINESS FIRING 
PROPULSION SYSTEM EVALUATION 
OF THE SERVICE MODULE OF SPACECRAFT 009 


NAS 9-4810 


30 DECEMBER 1965 


TRW SYST'fcIS 
HCUSTOH CP 8ATIDN3 
TuHriKAL LIBRAkY 


TRW SYSTEMS 


NASA SW feox E209H-13 




2261-6007-TU-003 


APOLLO BLOCK I 
TASK MSC/TRW ASPO-19 


PROPULSION PERFORMANCE EVALUATION 
MALFUNCTION CRITERIA AND 
FLIGHT DATA REQUIREMENTS 
APPENDIX B-SPACECRAFT OH 


NAS 9-4810 


IS JANUARY 1966 





TRW SYSTEMS 


NARA SW Box E209H-13 
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OJ 

CONTRACT NO. 

NAS 9-4310 


DOCUMENT NO. 
226I-6OI2-TO-OOO 


o 

m 

PROPULSION TRAJECTORY SIMULATION PROGRAM 
ANALYTICAL FORMULATION; Carol S. Powers 

COMPUTER PROGRAMMING; Gordon Hull o 


27 January I966 


Prepared for 

NASA Manned Spacecraft Center 
Houston, Texas 


APPROVED BY: 


PROPULSION PERFORMANCE ANALYSIS: 





x-'- 

G. J. MacLeod, ‘ Assistant Manager 
Propulsion Operations Department 


COMPUTER PROGRAMMING: 



_ ' ^ ^ 

D. W. Routh, Manager 

Subsystems Programming Department 







APOLLO 

TASK ASSAP 19-1 


PERFORMANCE ANAIZfSIS AND INITIAL 
SPS ENGINE CHARACTERIZATION 
FOR TEST SERIES L AND M 
(AEDC PHASE II) 

(U) 



Contract NAS 9-4810 
2261-6022-T0000 
30 March 1966 


A Data User's Guide 
To Numerical Smoothing and 
Differentiation 

or 

Care and Feeding 
of 

Digital Filters 


by 

Mack Alford 


APPROVED: 






C. S. Powers, Head 
Propulsion Systems Analysis 


Secti 


NARA SW Box E209H-13 


226l-602i4-T0-000 
19 May 1966 


ADDITIONAL INSTRUMENTATION REQUIREMENTS 
FOR THE APOLIX) SERVICE PROPULSION SYSTEM 


Prepared Under Contract 

NAS9-4810 


Prepared by 
T„ H. Wilson 


R. W, Burkhardt 


APPROVED: 



Do W. Vernon, Head 

Propulsion Performance Analysis Section 


TRW SYSTEMS 
One Space Park 
Redondo Beach, 
California 


nOT^W^O)^209W3 




CONTR^^CT NO. 
NAS 9-4510 


DOCUMENT NO. 
226 I- 6 OO 2 -TU-OOO 


GENERALIZED RETRIEVAL PROGRAM 

INTRODUCTION; A. W. Parnell 

COMPUTER PROGRAMMING: R. C. Rubinstein 


12 October 19^5 


Prepared for 

NASA Manned Spacecraft Center 
Houston, Texas 


APPROVED BY: 


PROPULSION PERFORMANCE ANALYSIS: 


COMPUTER PROGRAMMING: 



G. J. MacLeod, Assistant: r-^ager 
Propulsion Operations Department 




D. F. Weinberg, Mana 
Test and Electronic 
Simulation Department 


TRW SYSTEMS 
One Space Park 
Redondo Beach, California 


ft 






2261-6027-R0000 


PROJECT TECHNICAL REPORT 
TASK NO. ASPO 19- 1 


GENERAL STATISTICAL SUMMARY PROGRAM 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 
ASSAP 


30 June 1966 


TRW SYSTEMS 


NARa SW Box E209H-14 




3150-H001-RU000 


PROGRAM TECHNICAL REPORT 
TASK MSC/TRW G-8 


UPDATE TECHNIQUE FOR THE GEMINI VI 
RE-ENTRY BACKUP COMMANDS IN CASE OF 
A GUIDANCE AND COMMUNICATIONS FAILURE 


NAS 9*4810 


28 OCTOBER 1965 


TRW SYSTEMS 







3150-H001-RU000 


PROGRAM TECHNICAL REPORT 
TASK MSC/TRW G-8 


UPDATE TECHNIQUE FOR THE GEMINI Vi AND GEMINI VII 
RE-ENTRY BACKUP COMMANDS IN CASE OF A GUIDANCE 
AND COMMUNICATIONS FAILURE 


NAS 9-4810 



Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
GEMINI MTCP 


TRW SYSTEMS 



3150-H002-RU000 


PROGRAM TECHNICAL REPORT 
TASK MSC/TRW G- 1 0 


STATUS REPORT NO. 1 
ON RE-ENTRY STUDItS FOR GT-7 


1 1 November 1965 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON. TEXAS 

Contract NAS 9-4810 
Gemini MTCP, Phase 1 


TRW SYSTEMS 


NARA SW Box E209H-14 


3I50-H002-RU000 


PROG-<^.;v. jcCHNICAL REPORT 
TASK MSC/TRW G-1 1 


REPORT I 

TECHNICAL PLAN FOR THE 
MISSION PLANNING Of GEMINI 10 


NAS 9-4810 


1 5 December 1 965 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
GEMINI MTCP, PHASE I 


TRW SYSTEMS 


Rro^’OTo)^209W4 



3150-H003-RU000 


PROGRAM TECHNICAL REPORT 
TASK MSC/TRW G-10 


STATUS REPORT NO . 2 
ON RE-ENTRY STUDIES FOR GT-7 


26 November 1965 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 

Contract NAS 9-4810 
Gemini MTCP, Phase 1 


TRW SYSTEMS 


NARA SW Box E209H-14 





rT 


3150-H003-RU000 


PROGRAM TECHNICAL REPORT 
TASK MSC/TRW G-1 1 


REPORT II 
AGENA ORBITAL 
PREDICTION REPORT 


NAS 9-4810 


21 January 1 966 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
GEMINI MTCP, PHASE II 


TRW SYSTEMS 


mrw ^ 0 ^ 209^4 



315O-H004-RU0O0 


PROGRAM TECHNICAL REPORT 
TASK MSC/TRW G-10 


FINAL ’^REPORT ON 
RE-ENTRY STUDIES FOR GT-7 

NAS 9-4810 - ^9 December 1965 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 

Gemini MTCP 


TRW SYSTEMS 


TOT ?^^O)^209W4 



3150-H006-R0-030 


PROGRAM TECHNICAL REPORT 
TASK MSC/TRW G-1 1 


REPORT I I I 

PRELIMINARY AGENA 10 LAUNCH 
WINDOW ANALYSIS 


20 January 1 966 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
AAANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
Contract NAS 9-4810 
GEMINI MTCP, PHASE I 

Prepared by: 

Approved by:. 09 . /C 

R. J. Reinhardt D. R. Kuqle ^ 


Kugl 
Task Manager 


Prepared bv: __/^. Approved 


D . V . OI Inger 



C. V. Stableford, Acting Manager 
Mission Design Department 


Approved by; 





. Pi^tman^/JWanager 
Mission Planning and Operations 
Mission Trajectory Control Program 


TRWs 


Y STEMS 


NARA SW Box E209H-14 



3150-H007-R0-000 


TRW NOTE NO. 66 FMT-403 

PROJECT GEMINI 
TASK MSC/TRW G-1 1 

REPORT V 

AGENA 10 LAUNCH WINDOW ANALYSIS 

15 APRIL 1966 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


Prepared by: 


R . J . Re Inhardr 
Mission Design Department 


Approved by:. 


D . R . Kugle 
Task Manager 


Approved by: ^ j' ^ 

C^ V. Stableford, Acting Manager 
Mission Design Department 


Approved by:. 



C. W. Pittman, Manager 
Mission Planning and 
Operations, MTCP 


TRW SYSTEMS 



OX E209H-14 



3150-H009-RO-000 



TRW NOTE NO. 66 FMT-421 


PROJECT GEMINI 
TASK MSC/TRW G-9 


STATISTICAL TWO-IMPULSE PROCESSOR 
SUMMARY TECHNICAL REPORT 


15 JUNE 1966 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


Prepared by: 


. 


A . L . Safin 


Approved by:_ 



W. H. Pace, Jr., Task Manage 


Approved by: 

T. A. Magness, Manager 
Guidance and Analysis Department 


Approved by: 





Clarence F^f^man, Manager 
Mission Planning and Operations 
Mission Trajectory Control Program 


TRW SYSTEMS 





2261-6025-R0-001 


PROJECT TECHNICAL REPORT 
TASK AS PO 19-1 


APOLLO PERFORMANCE ANALYSIS PROGRAM 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 

ASSAP 


31 May 1966 

FIRST REVISION: 6 July 1966 



TRW SYSTEMS 


Inara sw box e209H-14 





315OH01 1-RO-OOO 



TRW NOTE NO. 66 FMT-419 


PROJECT GEAONI 
TASK M SC, 'TRW G-l 1 


ORBITAL AND RENDEZVOUS REPORT FOR GE^MN1 10 

REPORT IX 


13 JUNE 1966 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


Approved by 



Kenneth A . Young 
Technical Monitor 
NASA/'MSC 


Prepared by 

D. K. Kugle, Task ^'>^na 9 el 
J . F . Moi tin 


Approved by 


Edgar C. L in ebony - Chief 
Rendezvous Ariclysio BrorTcTi 
NASA/MSC 


Appro 

John P. Moyei , Chief 
Mission Planning and 
Anal ys is D i v ision 
NASA.'MSC 


Approved by 





, V. Stableford/Manoger 
Mtsslon Design Department 






C. W. Pittman, Manager 
Mission Planning and 
C^peiations 
MTCP 


TRWsystems 





3150-6014-RU000 


PROGRAM TECHNICAL REPORT 
TASK MSC/TRW G-1 


GEMINI MISSION GT-7 ORBITAL DEBRIS 
HAZARD EVALUATION 


NAS 9-4810 


22 NOVEMBER 1965 


TRW SYSTEMS 


NARA SW Box E209H-15 


3150-6025-R0-00A 


PROGRAM TECHNICAL REPORT 
TASK MSC/TRW G-1 


GEMINI MISSION GT-8 ORBITAL DEBRIS 
HAZARD EVALUATION 


1 MARCH 1966 



Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
Contract NAS 9*4810 
Gemini MTCP 



Approved by 




S. R Coombs, Task Manager 



Approved by: 

C W Pittman, Manager* 

Mission Planning and Operations 
Mission Trajectory Control Program 


TRW SYSTEMS 


^ 0 ^ 209^5 





3150-6025-R0-000 


PROGRAM TECHNICAL REPORT 
TASK MSC/TRW G-1 


GEMINI MISSION GT-8 ORBITAL DEBRIS 
HAZARD EVALUATION 


NAS 9-48 10 


1 MARCH 1966 


TRW SYSTEMS 


NARA SW Box E209H-15 




3150-6035-RO-000 


PROGRAM 1 ECHNICAL REPORT 
TASK MSC/TRW G-1 


CEMINI MISSION GT-9 ORBITAL DEBRIS 
HAZARD EVALUATION 


NAS 9-4810 10 1 


TRW SYSTEMS 


NARA SW Box E209H-15 






VT , ,_r, . . . • ., 


rvr/ 


3150-6035-RO-001 


PROGRAM TECHNICAL REPORT 
TASK MSC/TRW G-1 

SUPPLEMENT TO 
HAZARD EVALUATION 
OEMINI MISSION GT-9 ORBITAL DEBRIS 


NAS 9-4810 


13 MAY 1966 


TRW SYSTEMS 



NARA SW Box E209H-15 


3 1 50-6 038- R 0-000 


TRW NOTE NO. 66 FMT-233 

PROJECT GEMINI 
TASK MSC/TRWG-n 


GEMINI X ERROR ANALYSIS REPORT, 
DUAL RENDEZVOUS MISSION 


15 JULY 1966 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 


HOUSTON, TEXAS 
NAS 9-4810 



Approved by. 

D. R. Kugle, Task Manager 


Approved by. 





S. E. Benesch, Manager 
Space Navigation Department 


fi. 

Approved bv ^ 

,Y C. W. Pittman, Manager 

Mission Planning and Operation 
Mission Trajectory Control Program 


TRW SYSTEMS 





315O-H010-R0-000 


TRW NOTE NO. 66 FMT-422 


PROJECT GEMIN I 
TASK MSC/TRW G-9 


THE STATISTICAL TWO-IMPULSE PROCESSOR 
USER'S MANUAL 


15 JUNE 1966 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


Prepared by: — (7i 

Faith L . Bryan ^ 

Prepared by: 

Jgifies M . Moore 


Approved 

E. D. Stuckle, Manager 
Manned Mission Programming Department 



Approved by: 




. H . Pa ce, Jr., Task Manager 


Approved by 



Clarence Pittman, Manager 
Mission Planning and Operations 
Mission Trajectory Control Program 


TRW SYSTEMS 


IMARA SW Box E209H-15 


3200-6001-’RU000 


BIMONTHLY PROGRESS REPORT 
MISSION TRAJECTORY CONTROL PROGRAM 
PROJECT APOLLO ( PHASE II ) 

21 October 1964 


PREPARED FOR THE NATIONAL 
AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 

Under Contract No. NAS9-2938 


Compiled 


by: 


E. A. Ward 


Approved by: 



E. M. BougHton, 
Mission Trajectory 
Program Director 



ontrol 


TRW Space Technology Laboratories 
One Space Park, Redondo Beach, California 


NARA SW Box E209H-16 


3200-6002-TU000 


PHASE I - TECHNICAL REPORT 

EVALUATION OF AN ALTERNATE FLIGHT PLAN 
FOR LUNAR OPERATIONS 

18 November 1964 
Task MSC/STL A-12 


PREPARED FOR THE NATIONAL 
AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 

Under Contract No. NAS9-2938 


Prepared by: 



T. A. Sands 
Task Manager 


Approved 



Associate Manager 

Space Navigation Department 


TRW Space Technology Laboratories 
One Space Park, Redondo Beach, California 


KiARA SW Box E209H-16 


3200-6007-KU000 


TECi-iNICAL NOTE 
GUIDANCE EQUATIONS 
TASK MSC/STL A-1 

LEM POWERED ASCENT ERROR ANALYSIS STUDY 
16 November 1964 


PREPARED FOR THE NATIONAL 
AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
Under Contract No. NAS9-2938 

Prepared by: 


Approved by: 


Approved by: 

S. E, Benesch 

Associate Manager 

Space Navigation Department 

Approved by: 

Associate Manager 
Space Guidance Department 




TRW Space Technology Laboratories 
One Space Park, Redondo Beach, California 



3200-6009-KU000 


TECHNICAL NOTE 
TASK MSC/STL A-5 

MINIMUM TIME TRAJECTORY BETWEEN TWO 
RADIUS VECTORS WITH LIMITED AMOUNT 
OF IMPULSE (U) 

2 December 1964 


PREPARED FOR THE NATIONAL 
AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 

Under Contract No. NAS 9-2938 
(Phase II) 


Prepared by: > 

P. R, Escobal ~ 

Special Projects Section 
Space Navigation Department 

Approved by: 

S. E. Benesch 

Associate Manager 

Space Navigation Department 

Approved by: 

E. 

Ma 

Mission Trajectory Control 
Program 



A. Ward , Apollo Program 
.ager - Los Anceles 



TRW Space Technology Laboratories 
One Space Park, Redondo Beach, California 




/-()()- M) I ^ luiooo 


BIMONTHLY PROGRESS REPORT 
MISSION TRAJECTORY CONTROL PROGRAM 
PROJECT APOLLO (PHASES 11 AND Ila ) 

21 February 1965 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 

Contract NAS9-2938 


Compiled 


Approved 




E. A. Ward 

Apollo Program Manager (Los Angeles) 
Mission Trajectory Control Program 



Mission Trajectory Control Program 


TRW SPACE TECHNOLOGY LABORATORIES 
Thompson Ramo Wooldridge, Inc. 

“^^NARA SWBoxT^^'ie 



3200-6021-TU000 


BIMONTHLY PROGRESS REPORT 


MISSION TRAJECTORY CONTROL PROGRAM 
PROJECT APOLLO (PHASE II) 


NAS 9-2938 


21 JUNE 196S 


TRW SPACE TECHNOLOGY LABORATORIES 


NARA SW Box E209H-16 




BIMONTHLY PROGRESS REPORT 


MISSION TRAJECTORY CONTROL PROGRAM 
PROJECT APOLLO (PHASES II AND Ha) 


NAS9-2938 


21 APRIL 1965 


TRWspace TECHNOLOGY LABORATORIES 

THOMPSON RAMO WDOLOPIDGE INC. 


NARA SW Box E209H-16 


APR 1 HHTD 


3300-H001-RC000 


APOLLO MISSION SA-206A 
PRELIMINARY MISSION PROFILE (U) 


VOLUME I 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
Contract No, NAS9-2938 



TRW SPACE TECHNOLOGY LABORATORIES 

THOMPSON RAMO WOOLDRIDGE INC. 




mmiT 




3300-H005-RU000 



VOLUME III 

RADAR SIGHTING DATA 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 

Contract No, NAS9-2938 
Phase II (Apollo) 


15 MAY 1965 


TRW SPACE TECHNOLOGY LABORATORIES 

THOMPSON OAV10 WOOi_OPiCG£ ‘NC 


MARASW Box E209H-16 




3300-H009-RU000 


APOLLO MISSION SA-206A 
SPACECRA^^ PRELIMINARY 

reference trajectory 


29 JULY 1965 


VOLUME III 

RADAR SIGHTING AND SPACECRAFT 
LOOK ANGLE DATA 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 

Contract No. NAS 9-2938 
Phase 11 (Apollo) 


TRW 


SYSTEMS 


OX E209H-16 



3300-H010-KU000 


TECHNICAL NOTE 
TASK MSC/TRW A- 52 


SPECIFICATION FOR LUNAR ORBIT 
RENDEZVOUS SIMUUTION 
PROGRAM 


26 July 1965 


Prepared for the 

National Aeronautics and Space Administration 
Manned Spacecraft Center 

Contract No. NAS9-2938 
(Phase II) 


TRW SYSTEMS 

\ 





BIMONTHLY PROGRESS REPORT 


GEMINI MISSION TRAJECTORY 
CONTROL PROGRAM 


NAS 9-4810 


1 5 June 1 966 


TRW SYSTEMS 






APOT.rX) iMISSIOA^ AS 2()7A 
PRKLIMIA'ARV MISSION PROPiPP (V) 


NAS 9-4810 


16 SEPTEMBER 1965 


VOLUME I 

PF^"OFILE DESCF^IPTION 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 

Contract No. NAS 9-4810 
Apollo MTCP 


Approved by 



/ 


Approved by / // 


E . C . Lineberry , 

Chief, 

Rendezvous Analysis Branch 
MSC 


C . V . Stabieford, 
Manager , 

Manned Spaceflight 
Department, TRW 


t 


Approved by 



Johi 
Ch ii 

Mission Planning and 
Analysis Division, MSC 


Approved by 


E. A. WaKd 
Manager , 

Mission Planning and 
Operations, MTCP, TRW 


TRIV 


SYSTEMS 


GROUP-4 

DOWNGRADED AT 3 YEAR INTERVALS; 
DECLASSIFIED AFTER 12 YEARS 
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n c • A -I : 
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ox E209H-17 






3300-HO17-RU000 


PROGRAM TECHNICAL REPORT 
TASK MSC/TRW A-7 


APOLLO CIRCUMLUNAR 
ABORT GUIDATVCE CAPABILITY 


NAS 9-4810 


31 AUGUST 1965 


TRW SYSTEMS 


NARA SW Box E209H-17 


34OO-6OO9-KUOO0 


~E~~A. w ; 


TECHNICAL NOTE 

SUMMARY OF ABORT MODES 
TASK MSC/STL A-5 


7 December 1964 


PREPARED FOR THE NATIONAL 
AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
Under Contract No. NAS9-2938 
Phase II -Apollo 



Approved by: 


.J. Lowell^ 


R 

Task Manager 


Approved by: 



S . E . Benes ch 

Associate Manager 

Space Navigation Department 


Approved by: 




E . M . Boughto\ 

Director 

Mission Trajectory Control Program 


TRW Space Technology Laboratories 
One Space Park, Redondo Beach, California 


NA:R7rs\ArBox e209H“ 


3400-6014-RU000 


FINAL REPORT 
TASK MSC STL A-12 


EVALUATION OF AN ALTERNATE 
FLIGHT PLAN FOR LUNAR OPERATION 


NAS 9>2938 


21 DECEMBER 1964 



TRW SPACE TECHNOLOGY LABORATORIES 

TMOVlPSD^J f-4Zirva v.'OOlcpicge ’NC, 





3400-6018-RU000 


BIMONTHLY PROGRESS REPORT 
MISSION TRAJECTORY CONTROL PROGRAM 
PROJECT APOLLO 
(PHASES II andlla) 

21 December 1964 


PREPARED FOR THE NATIONAL 
AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
Under Contract No. NAS9-2938 


Compiled by: 


E. A. Ward 

Apollo Program Manager (Los Angeles) 
Mission Trajectory Control Program 


Approved by: 




E. M. Bougnton 
Program Director 
Mission Trajectory Control Program 


TRW Space Technology Laboratories 
One Space Park, Redondo Beach, California 


NARA SW Box E209H-17 


3400-6025-RU000 


INTERIM REPORT 
TASK MSC/STL A-6 


CALIBRATION OF ANALYTIC LUNAR PROGRAMS 

PHASES I AND II 


N AS9-2938 


IS FEBRUARY 1965 


TRW SPACE TECHNOLOGY LABORATORIES 

THOMPSON PAMO WOOLDPlDGE INC. 




NARA SW Box E209H-17 


A 5^^ f:(,j 


34O0-6O36.KUOOO 


INTERIM REPORT 
TASK MSC STL A-31 


FEASIBILITY OF HYBRID COMPUTATIONS FOR 
LUNAR MISSION PERFORMANCE EVALUATION 


NAS 9-2938 


25 MAY 1965 



TRW SPACE TECHNOLOGY LABORATORIES 

TMOMPSOM PAMO WOOLOPlDGE INC. 


NARA SW Box E209H-17 





34O0-6037-KUOO0 


INTERIM REPORT 
TASK MSC/STL A-42 


DESCRIPTION OF NUTATION 
SUBROUTINE 


NAS 9-2938 



TRW SPACE TECHNOLOGY LABORATORIES 

THOMPSON PAMO WOOLDPlDGE [NO. 


NARASWBox E209H-17 


3300-H014-RU000 


AS-501 PRELIMINARY ALTERNATE 
MISSION AND ABORT PLAN 


1 SEPTEMBER 1965 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 

Contract No. NAS 9-4810 
Apollo MTCP 


Approved by 




Approved by 


Carl R. Huss, Chief 
Flight AtTolysfs Branch 
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SUBJECT: Revision of Appendix to Task A-60 
Technical Report 


FROM: H. A. Lieske 

BLDG 'J'J^_2R00M 3239 2S4 


REFERENCE^ "Final Interim Status Report for Lunar Landing Missions 
Abort Analys'^s," by H. A. Lieske, Interim Status Report 
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Memorandum 
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HASA- Manned Spacecraft Center 
Mission Planning & Analysis Division 

// < 0 / 
date: 6 JUL 1967 

File NOo 67-FM13-242 


FROM :fM13/.^o11o Trajectory Support Office 



SUBjECTtRevision to the Spacecraft Operational Abort and Alternate Mission 
Plan for AS- 501 


The attached document is a revision to the Spacecraft Operational Abort 
and Alternate Mission Plan for AS-501 (MSG Internal Note 66-FM-149) , 
volume II. This revision takes into account the reduction in nominal 
entry range to 2000 m. mi. and utilizes a nominal L/d of 0.35* At the 
present time it is not planned to provide a formal revision to volume 
I. The necessary updates to volume I, such as the flight control limit 
lines, will be provided by memorandum. 


All comments regarding this document, its contents or distribution should 
be directed to this office. 
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MONTHLY PROGRESS REPORT 
ASPO TASK 34 


RADAR PERFORMANCE ASSESSMENT 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


1 MAY 1966 


TRWsystems 


NARA SW Box E209H-4 








PHASE I REPORT 


APOLLO SPACECRAFT SYSTEMS 
PERFORMANCE EVALUATION STUDY 


15 FEBRUARY 1966 

Prepored for 

APOLLO SPACECRAFT SYSTEMS ANALYSIS PROGRAM 
Houston, Texas 

ASSAP Task 13A 



TRW SYSTEMS 





NARA SW Box E209H-4 


O5952-l-i202-R0-00 


TRV/ NOTii NO. 67-F<MT-ot3 


PROJECT APOLLO 

TASK M5C/TRVV A - 1 2 1 /A M E N D M E N T I 


RANGE DIFFERENCE DOPPLER TFiEORY AND 
DOUBLE PREXISION NUMERICAL COMPARISON 


12 M/.Y 1967 


Prepared for 

MISSION PLANNirJG AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMIN ISIRRATION 
AAANNED SPACECRA.ET CENTlR 


HOUSTON, TEXA.S 
NAS 9-4810 


Prepared by. 


F. W. Lipps, Task Manager 


Approved by AA X X . 4 

V/. H, Pace Jr., Managt^r'/ 
System Evaluation Dc-parttnent 


Approved by_V{_^W AAY RP. 

Bruce j. Gordon 

Systems Anal ysis and Operations 

Mission Trajectory Control 

Program 




05952-H203-R0-00 


,'JAH 


TRW NOTE NO. 67-FMT-515 


PROJECT APOLLO 
TASK MSC/TRW A- 1 25 


LM DESCENT ANALYSIS 


12 MAY 1967 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


Prepared by ^ 





Task Manager 


K . G . Nickerson 
O. L. Dial 
Performance Analysis Section 




Approved by 

RHk. Petersbu 



Manager 
Spaceflight Operations 
Department 


Approved b y ^ 

^ R. W. Johnson, Manager 
‘ Mission Design and Analysis 
Mission Trajectory Control 
Program 


TRW SYSTEMS 




05952-H205-T0-00 


APOLLO SPACECRAFT SYSTEMS ANALYSIS PROGRAM 
MONTHLY PROGRESS REPORT 
ASPO TASK 34A 


NAS 9-4810 


9 May 1967 


RADAR PERFORMANCE ASSESSMENT 


Prepared for 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW Systems 

Space Park Drive - Houston 





05952-H206-R0-00 


PROJECT APOLLO 
TASK MSC/TRW A- 97 


BLOCK H INITIALIZATION 
PROCESSOR USER'S GUIDE 


1 MAY 1967 


Prepared by 
J. R. White 
H . L. WIddifield 


TRW SYSTEMS 




05952-H208-R0-00 


MONTHLY PROGRESS REPORT 


APOLLO SPACECRAFT 
SYSTEMS ANALYSIS PROGRAM 


15 MAY 1967 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW ? S 
HCUSTON OP.rtAilONS 
TECHNkAL LIBRARY 


TPtW SYSTEMS 





05952-H209-RO-00 


LM AND CSM S-BAND ANTENNA 
TRACKING STUDIES 
(PRELIMINARY REPORT) 


ANALYSIS OF THE LM ANTENNA 
TRACKING SYSTEM 


10 MAY 1967 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Under 

Contract No. NAS 9-4810 


TRW SYSTEMS 




05952-H210-RO-00 


PROJECT TECHNICAL REPORT 
TASK ASPO 47 


AN INVESTIGATION OF SOIL EROSION 
DURING LM LUNAR LANDING 


by 

R. E. Hutton 


May 1967 


Prepared for 

National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 


Contract: NAS9-4810 


TRW SYSTEMS 

AM OAfMATIMG CItOOP Of TAW UK 





05952-H2n-R0-00 


apollcTs^ecraft systems analysis program 
PROJECT TECHNICAL REPORT 
ASPO TASK 34B 

^ ^ 1 JUNE 19F7 

NAS 9-4810 


LM LANDING RADAR EVALUATION PROGRAM (LRTRWl) 


Prepared for 


NATIONAL 


AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW SYSTEMS 

Space Park Drive - Houston, Texas 




05952-H212-R0-00 


APOLLO SPACECRAFT SYSTEMS ANALYSIS PROGRAM 
PROJECT TECHNICAL REPORT 
ASPO TASK 34A 


NAS 9-4810 


I JUNE 1967 


RESULTS OF LM LANDING RADAR EVALUATION PROGRAM (LRTRWI) 


Prepared for 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW SYSTEMS 
HcusTON 

TECHNICAL LIBRARY 


TRW Systems 

Space Park Drive - Houston, Texas 





05952-H2I3-R0-00 


NAS 9-4810 


APOLLO SPACECRAFT SYSTEMS ANALYSIS PROGRAM 
PROJECT TECHNICAL REPORT 
ASPO TASK 34A 

113 May 1967 


ANALYTICAL FORMULATION OF THE LANDING RADAR 
BORESIGHT TEST DATA REDUCTION PROGRAM 


Prepared for 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
manned spacecraft CENTER 
HOUSTON, TEXAS 


TRW Systems 

Space Park Drive - Houston 


OX E209H-50 




05952-H216-R0-00 


TRW NOTE NO. 67-FMT-518 

PROJECT APOLLO 
TASK MSC/TRW A-1 39 


APOLLO LUNAR LANDING MISSION 
EARTH-PHASE ABORT SENSITIVITY STUDY 


5 JUNE 1967 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


Approved 



K. Wright, Task Manager 


Approved 


W. H. Pace, Manager 
System Evaluation Department 



Approved 



Mission Design and Analysis 
Mission Trajectory Control 
Program 


TRW SYSTEMS 




05952-H201-R0-00 


TRW NOTE NO. 67-FMT-512 

PROJECT APOLLO 
TASK MSC/TRW A-1 05 


OPERATING INSTRUCTIONS AND 
CARD FORMATS FOR AGSIM 


1 AAAY 1967 


Prepared by 

Inflight Evaluation Section 
Manned Missions Programming Department 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 




05952-H218-R0-01 


APOLLO COMMUNICATION SYSTEMS 

TA<;i^ F-Qf 

TECHNICAL REPORT 


APOLLO COMMUNICATION COMPATIBILITY 
ANALYSIS FOR MISSION AS-501 
ADDENDUM - 1 OCTOBER TRAJECTORY 


10 OCTOBER 1967 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Under 

Contract No. NAS 9-4810 


TRW SYSTEMS 



05952-H218-R0-02 

^ -P'S 


APOLLO COMMUNICATION SYSTEMS 
TASK E-9C 

TECHNICAL REPORT 


APOLLO COMMUNICATION COMPATIBILITY 
ANALYSIS FOR MISSION AS-501 
ADDENDUM - 1 NOVEMBER TRAJECTORY 



18 OCTOBER 1967 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 

Under 

Contract No. NAS 9-4810 


TRW SYSTEMS 
HOUSTON OPERATIONS 
TECHNICAL LIBRARY 


TRW SYSTEMS 




05952.H218.R0-00 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. EB-R-67-3 


JUNE 5, 1967 


APOLLO COMMUNICATION 
COMPATIBILITY ANALYSIS 
FOR MISSION AS-501 


By Communications Systems Section 
TRW Systems 

MSC Task Monitor 
G. D. Arndt 



INFORMATION SYSTEMS DIVISION 

MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 




05952-H219-R0-00 


TRW NOTE NO. 67-FMT-519 


PROJECT APOLLO 
TASK MSC/TRW A-1 00 


OPERATING INSTRUCTIONS FOR THE STOCHASTIC 
SIMULATION AND ANALYSIS PROGRAM 


23 JUNE 1967 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


Prepared by 


F . M . Glaser 


Approved by. 



G. C. Hitt, Task Manager 


Approved by 





Approved by 

B. J. Gordon, 




onager 

Systems Analysis and Operations 
Mission Trajectory Control 
Program 


TRW SYSTEMS 




05952-H220-R0-O0 


PROJECT TECHNICAL REPORT 
TASK MSC/TRW ASPO 19B-1 


FINAL PERFORMANCE CHARACTERIZATION 
FOR THE SPS BLOCK !l ENGINE 


NAS 9-4810 


30 JUNE 1967 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by K,L. Mouni'ain 
R .E . Nelson 


/ ■ ' / 

Approved by_/ 1 

D. W. Vernon, Manager 
Propulsion Systems Project Office 


TRW SYSTEMS 



05952-1 i222^R0-00 


TRW NOTE NO. 67-FMT-520 


PROJECT APOLLO 
TASK MSC/TRW A-97 


DRAFT OF 

APOLLO GUIDANCE SOFTWARE VERIFICATION PLAN 


29 MAY 1967 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMIN ISTP^M'ION 
MANNED SPACECriAFT CENTER 
HOUSTON, TEXAS 
NAS 9-2010 


Approved 

M. Fgx, Manager 



- 


Apollo GN£:C Projeef Office 


Approved by. 




B. J. GCi*clon, Mancg'ei^ 
Systems Analysis and Operations 
Mission Trajectory Control 
Program 


Ul 
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05952-H225-T0-00 


APOLLO SPACECRAFT SYSTEMS ANALYSIS PROGRAM 
MONTHLY PROGRESS REPORT 
ASPO TASK 34A 

NAS 9-4810 9 JUNE 1967 


RADAR PERFORMANCE ASSESSMENT 


Prepared for 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW SYSTEMS 




05952-H226-R0-0C 


TRW NOTE NO. 67-FMT-522 

PROJECT APOLLO 
TASK MSC/TRW A- 1 1 7 


GEOGRAPHIC LOCI OF APOLLO TRANSLUNAR INJECTION 
BURNS AND FREE RETURN TOUCHDOWN POSITIONS 


VOLUME I I 
MAY - JULY 1 968 


23 JUNE 1967 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Approved 


A. Herbaugh, Tc^J^Manager 
ask MSC/TRW A-lf7 


Approved by 


R. K. Petersburg, Manageiy 
Spaceflight Operations 
Department 



Approved byJ^L^ 




TRW SYSTEMS 


R. W. Johnson, Manager 
Mission Design and Analysis 
Mission Trajectory Control 
Program 



05952-H227-R0-00 


BIMONTHLY PROGRESS REPORT 


GEMINI MISSION TRAJECTORY 
CONTROL PROGRAM 


NAS 9-481 0 


15 JUNE 1967 


TRW SYSTkWS 
HOUSTON OPERATIONS 
TECHKICAL LIBRARY 


TRW SYSTEMS 


NARA SW Box E209H-51 



05952-H229-RO-00 


BIMONTHLY PROGRESS REPORT 


NAS 9-4810 


APOLLO MISSION TRAJECTORY 
CONTROL PROGRAM 


15 JUNE 1967 




TRW SYSTEMS 


NARA SW Box E209H-51 




mfis 

05952-H230-RO-00 


MONTHLY PROGRESS REPORT 

APOLLO SPACECRAFT 
SYSTEMS ANALYSIS PROGRAM 


15 JUNE 1967 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW SYSTEMS 


NARA SW Box E209H-51 


C-por', 
.1 1 


FIRS']' SUARTEFilY PROGRESS PE:P0RT 
I ASK ASPO-45 
G5952-K231-RO-00 


VOLUME I 

- Al.' E '/AI .U ATI OK 


23 Jime 1967 


Prepared for 

Rational Aeronautics and Space Administration 
Manned Spacecraft Center 
i;ouston, Texas 


.'ias 9— a810 


ared by: 


H. H. Battley 
S. S. Kwong 
R. R. McKurchy 
R. G. Posgay 



Approved by: 





D. M. Curry, MSC TasV Mcnin> 
Structures i Mecha.ni^ Divi; 
Thermo— Structures Erancr 


on 



05952-H217-R0-00 


APOLLO COI^UNI CATION SYSTEMS 
ASPO TASK 9C 
TECHNICAL REPORT 


DEGRADATION OF THE DOWNLINK TELEMETRY BY 
INTERMODULATION PRODUCTS GENERATED 
IN THE TRANSPONDER UPLINK TURNAROUND 


26 MAY 1967 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Under 

Contract No. NAS 9-4810 


TRW SYSTEMS 




05952-H233-R0-00 


TRW NOTE NO. 67-FMT-523 

PROJECT APOLLO 
TASK MSC/TRW A-I34 



INJECTION SHIP POSITIONING TECHNIQUE 
FOR APOLLO LUNAR MISSIONS 


23 JUNE 1967 


Prepared by 
Mission Design Section 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 



05952-H236-R0-00 


TRW NOTE NO. 67-FMT-525 


PROJECT APOLLO 
T ASK MSC/TRW A-97 


PRELIMINARY RESULTS OF SELECTED INDEPENDENT FLIGHT 
SOFTWARE VALIDATION TESTS OF THE LM-1 MISSION 


30 JUNE 1967 


Prepared by 

D. B. Urfrig and H. L. Widdifleld 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


Approved by 

M 



■I 


Manager 
Guidance and Control 
Department 


Approved by 




r" 



B. J. Gordon, Manager 
Systems Analysis and Operations 
Mission Trajectory Control 
Program 


TRW SYSTEMS 



05952-H237-R0-01 


WLA 


TRW NOTE NO . 67'FMT- 526 

PROJECT APOLLO 
TASK MSC/TRW A-1 34 


APOLLO CISLUNAR AND LUNAR ORBIT 
ATTITUDE CONSTRAINTS AND ENVELOPES 
ADDENDUM 1 


VOLUME I 
1 OCTOBER 1967 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


Prepared by D. C. Ross 

R. B. Schuck 


Approved by 


Approved by 


oVR*^)K. PetersbCjfSi , Manager 
Spaceflight Operations 
Department 




Approved by 


R. c. Dawley, Task Manager 
Mission Design Section 



R. W. 

Assistanf Project Manager 
Mission Trajectory 
Control Program 


trtTfMS OKOUP 




05952-H239-R0-00 


PROJECT TECHNICAL REPORT 
TASK ASPO-39B 

THREE DIMENSIONAL VIBRATIONAL MODES 
OF THE APOLLO CSM/LM DOCKED VEHICLE 

NAS 9-4810 30 junE 1967 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 
A. Bedford 
A. P. Goldberg 


TRW SYSTEMS 



05952-H240-RO-00 


TECHNICAL NOTE 
TASK ASPO-5 


FAILURE MODE EFFECTS ANALYSIS 
A STATUS REVIEW 


NAS 9-4810 


23 JUNE 1967 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 
L . J . Mahan 
T. H . Barrie 
A. J. Snygg 


TRW SYSTEMS 




05952-H241-R0-00 


LM AND CSM S-BAND ANTENNA 
TRACKING STUDIES 
ASPO TASK 53 


ANALYSIS OF THE LM ANTENNA 
TRACKING SYSTEM 


1 JULY 1967 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Contract No. NAS 9-4810 


TRW SYSTEMS 



' aO-oo 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

AASC INTERNAL NOTE 67-FM-86 


15 AUGUST 1967 


FLIGHT DYNAMICS 
DISPLAY PLOTBOARDS 
FOR THE 204/LM-l MISSION 


TRW SYSTEMS 
HOUSTON 0P;RAT10r« 
TECHNICAL LIBRARY 


By Spaceflight Operations Department 
TRW SYSTEMS 


MSC TASK MONITOR 
E.M. HENDERSON 



MISSION PLANNING AND ANALYSIS DIVISION 

MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 


OX E209H-52 




HOE 


05952-H244-R0-00 


TRW NOTE NO. 67-FMT-530 


PROJECT APOLLO 
TASK MSC/T RW A-98 


AGC VERIFICATION OF THE AS-501 
REENTRY GUIDANCE EQUATIONS 


16 AUGUST 1967 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


Prepared by 



M. P, Meyers, TasW Manager 
Dynamics Analysis section 


Approved by, 



^£7 

D. M. Austgen, Manner 
Mission Simulation Depariment 


Approved by 



R, W. Johrtson , 

Assistant Project Manager 
Mission Trajectory Control 
Program 


TRW SYSTEMS 



05952-H245-RO-00 


TRW NOTE NO. 67-FMT-531 

PROJECT APOLLO 
TASK MSC/TRW A-105 


APOLLO COASTING FLIGHT NAVIGATION SIMULATION- 
OBSIM/NAVSIM PROGRAM FORMULATION 


25 JULY 1967 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


Prepared hv 

J. B. Cl ifford, Jr . , 


Task Manager 
TRW Systems 


Approved by. 



L. j. Skidmore, Manager 
Systems Evaluation Department 
TRW Systems 


Approved by. 





Gordon, Manager 
Systems Analysis and Operations 
Mission Trajectory Control 
Program 
TRW Systems 


TRW SYSTEMS 



Prepared by 


KIPST '^UArTPRI,! PROGPPibS .Rr.PCR^ 
TAdK ASPO— 45 
0595R-H232-R0-00 


/OlliPE II 


23 June 1967 


Prepared for 

National Aeronautics and Space Administration 
Panned Spacecraft Center 
Houston, Texas 
NAS 9-4810 


H. H. Battley 
S . S . Kwong 
R. R. McMurchy 
R. G. Posgay 


Approved by: 



Payne, 
Apollo Engii 
Department 


ssistant Manager 
ring Operations 


Approved by: 


^ M. Curry, MSC iask Monitor 
Structures & Mechanics Division 
Thermo-Structures Branch 



05952-H247-R0-00 


TRW NOTE NO. 67-FMT-532 


PROJECT APOLLO 
TASK MSC/TRW A- 1 05 


OB$!M AND NAVSIM DETAILED SUBROUTINE AND 
PROGRAM DESCRIPTION 
BOOK 1 , OBSIM 


21 AUGUST 1967 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 

Prepared by ■ t. 7 

P. Vander Stucken,"^ Project Leader 
G . Gilbert 


Approved by 



B . Cl Ifford, Jr . 
Task Manager 


Approve 


d by^LZ^^ ^ it- 

E. D. Stuckle, Manager 
Manned Mission Programming 
Department 


Approved h y 7^ i 

L. V. Skidmore, Manager 
System Evaluation Department 


Approved by 



B. J. Gordon, Manager 
Systems Analysis and 
Operations 

Mission Trajectory Control 
Program 


TRW SYSTEMS 



05952-H248-R0-00 


TRW NOTE NO. 67-FMT-533 

PROJECT APOLLO 
TASK MSC/T RW A- 1 05 


OBSIM AND NAVSIM DETAILED SUBROUTINE AND 
PROGRAM DESCRIPTION 
BOOK 1, NAVSIM 


21 AUGUST 1967 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 

Prepared hy ^ ^ ■ ■ .--t. Y 

P. Vender Stucken / Project Leader 
G . Gilbert 


Approved by. 


V ■ . V*: ■ V, 


7 . 


J . B . Cl Ifford, Jr . , 
Task Manager 


Approved by.^ ^ 


E. D. Stuckle, Manager 
Manned Mission Programming 
Department 


Approved by f 

L. Ji Skidmore, Manager 
System Evaluation Department 


Approved by 








B. J. Gordon, Manager 
Systems Analysis and 
Operations 

Mission Trajectory Control 
Program 


TRW SYSTEMS 



05952-H249.R0-00 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 67-FM-99 


30 AUGUST 1967 






MISSION AS-501 CM/SM SEPARATION 
AND RECONTACT ANALYSIS 
- ENTRY PHASE 


By Mission Simulation Department 
TRW Systems 



MSC Task Monitor 
R. E. McAdams 


TRW SYSTEMS 
HOUSTON CP RATiOKS 
TECHf lAL UBKA Y 


/MISSION PLANNING AND ANALYSIS DIVISION 

MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 




05952-H250-R0-00 


APOLLO COMMUNICATION SYSTEMS 
ASPO TASK 9C 
TECHNICAL REPORT 


SUPPLEMENTARY PCM BIT ERROR RATE AND 
SIGNAL-TO-NOISE' RATIO TEST PREDETECTIONS 
ON THE APOLLO S-BAND COMMUNICATION SYSTEM 


14 JULY 1967 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Under 

Contract No. NAS 9-4810 


TRW SYSTEMS 



05952-H252-R0-00 


LM AND CSM $-BAND ANTENNA 
TRACKING STUDIES 
ASPO TASK 53 


PRELIMINARY ANALYSIS OF THE 
CSM ANTENNA TRACKING SYSTEM 


15 JULY 1967 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 


Under 

Contract No. NAS 9-4810 


TRW SYSTEMS 



05952-H253-RO-00 


PROJECT TECHNICAL REPORT 
TASK ASPO-39B 


APOLLO COMMAND MO D U L E- S E RV I C E MODULE 
INTERFACE ANALYSIS, BLOCK II 
SINGLE SWAY BRACE CONFIGURATION 


NAS 9-4810 


21 JULY 1967 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW SYSTEMS 






05952-H253-R0-0A 


PROJECT TECHNICAL REPORT 
TASK ASPO-39B 


APOLLO COMMAND MODULE-SERVICE MODULE 
INTERFACE ANALYSIS, BLOCK II 
SINGLE SWAY BRACE CONFIGURATION ADDENDUM 


NAS 9-4810 


21 AUGUST 1967 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 
R. M. Kurland 


TRW SYSTEMS 



O5952-K255-TO-0C 


APOLLO 


!;atiola 


SPACECRAFT SYSTEMS AMALISIS PROGRASC 
QUARTERLY PROGRESS REPORT 
ASPO TASK 3AA 


PEDAR PERFOPPIALCE ASSESSCEET 


NAS 9-A610 


Prepared for 


L AERONAUTICS AIE SPACE ADM±KISTRaTIOL 
MKIED SPACECRAFT CEOTR 
HOUSTON, TEXAS 


13 JULY 1967 



TRW SYSTEiS 




NARA SW Box E209H-53 


05952-H256-R0-00 



TRW NOTE NO. 67-FMT-539 

PROJECT APOLLO 
TASK MSC/T RW A-60 . 1 


ANALYTIC RETURN-TO-EARTH PROGRAM- 
MOON REFERENCE 


24 JULY 1967 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


Prepared by 


D. M. GaffordJiTpsk Manager 
J . D . Monroe 
F. M. Northcutf 


Approved by /*W X X / ( 

D. M. Austgen, Meager 
Mission Simulation 
Department 


Approved hy C ^7 

E. D. Stuckle, Manager 
Manned Mission Programming 
Department 


Approved by )-■€- 

R. W. Johnson, Manager 
Mission Design and Anal ysis 
Mission Tra jectory Control 
Program 


TRW SYSTEMS 





05952-H246-R0-00 


MONTHLY PROGRESS REPORT 


APOLLO SPACECRAFT 
SYSTEMS ANALYSIS PROGRAM 


15 JULY 1967 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
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TRW NOTE NO. 67-FMT-563 


PROJECT APOLLO 
TASK MSC/TRW A- 1 34 


PRELIMINARY SHIP POSITIONING DATA; 
VOLUME IV, OCTOBER - DECEMBER 1969 


25 OCTOBER 1967 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


Prepared by E. D. Sobak 

J . L . St . John 
W. W. Bussard 



Mission Design Section 


Approved by 




J.yM. Dreyf 
Spaceflight Design 
Department 


anager 


Approved by 



R. W. Johnson 
Assistant Project Manager 
Mission Trajectory 
Control Program 


TRW 




05952-H315-R0-00 


APOLLO COMMUNICATION SYSTEMS 
TASK E-9D 
TECHNICAL REPORT 


ANALYSIS OF TELEMETRY DEGRADATION DUE TO 
BACKUP VOICE INTERFERENCE 


20 OCTOBER 1967 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Under 

Contract No. NAS 9-4810 


TRW SYSTEMS 




05952-H317-R0-00 



TRW NOTE NO . 67-FMT-566 


PROJECT APOLLO 

T ASK MSC/TRW A- 1 45 


THE DEVELOPMENT AND PERFORMANCE OF THE 
ATMOSPHERIC SIMULATOR AND CARBON DIOXIDE 
REMOVAL SYSTEM COMPUTER PROGRAM 
PROGRAM NO. HX-105A USER'S MANUAL 


16 OCTOBER 1967 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
•MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


Prepared by. 


C. A, Leavitt 
Environmental Science and 
Engineering Department 
Houston Operations 


Programmed 


by I /" 

} . Suber 

Thermal , Structures and 
ECS Group 

Houston Computing Center 


Approved by ‘l^C '.A 

A. J.'Snygg, MdWdger 
Task A- 145 


Approved by 



Assistant Program Manager 


Mission Trajectory and 
Control Program 


TRW 



05952-H318-R0-00 


TRW NOTE NO. 67-FMT-565 

PROJECT APOLLO 
TASK MSC/TRW A- 141 


FEASIBILITY OF REAL-TIME UTILIZATION OF REENTRY 
TRACKING SHIP AND REENTRY AIRCRAFT DATA 


31 OCTOBER 1967 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


Prepared by 



L. F. Wilcox, Task Manager 
E. L. Kells 


Manned Spacecraft Systems 
Laboratory 


Approved by. 





A. Rasumoff, Assistai# Manager 
Manned Spacecraft Systems 
Laboratory 


Approved 



by. 


R. W. Johnson, 


Assistant Project Manager 
Mission Trajectory Control 
Program 


TRW 




05952-H306-R0-00 


PROJECT TECHNICAL REPORT 
TASK E&D-38A 


LM-1 GUIDANCE NAVIGATION AND CONTROL 
SYSTEM FLIGHT TEST ANALYSIS PLAN 


NAS 9-4810 


20 OCTOBER 1967 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW SYSTEMS 




05952-H320-RO-00 


LM AND CSM S-BAND ANTENNA 
TRACKING STUDIES 
TASK E - 53A 

TECHNICAL REPORT 


PRELIMINARY ANALYSIS OF THE LM 
AND 

CSM ANTENNA TRACKING SYSTEMS 


24 OCTOBER 1967 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Under 

Contract No. NAS 9-4810 


TRW SYSTEMS 



05952-H321-R0-00 


TRW NOTE NO. 67-FMT-567 

PROJECT APOLLO 
T ASK MSC/TRW A- 103 


APOLLO REFERENCE MISSION PROGRAM 
SIX-DEGREE-OF-FREEDOM 
GUIDANCE AND CONTROL 
USERS MANUAL 


1 NOVEMBER 1967 


rrepared for 

PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


Prepared by 
D. F. McCabe 
C . E . Coflln 


Approved b' 


E. D. Stuckle, Manager 
Manned Missions Programming 
Department 


5^^s^S-^Ap proved by ^ 


F. D. Cooper, Task Manager 
Guidance Simulation Section 


Approved by 



E. Green 
^Assistant Project Manager 
Mission Trajectory Control 
Program 



D. M. Austgen, ^onager 
Mission Simulation Department 


TRW 

irtriwn 


NARA SW Box E209H-59 


05952-H322-R0-00 


TRW NOTE NO. 67-FMT-570 

PROJECT APOLLO 
TASK MSC/TRW A-60. 1 


LANDING SITE ACC E S S I B I L I T'.' PLOT PROGRAM 
MOON REFERENCE 


27 FEBRUARY 1968 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


Prepared by 
F. M. Northcutt 
D. F. Mier 


Approved by 


D. M. Gafford, Manager 
Task A-60.1 

Analytic Mechanics Section 


Approved by 



D. M. Austger^ Manager 
Mission Simulation Department 


Approved by 


E. D. Stuckle, Manager 
Manned Mission Programming 
Department 


Approved by 

D. P. Johnson 
Assistant Project Manager 
Mission Trajectory Control 
Program 



TRW 


NARA SW Box E209H-59 


05952-H323-R0-00 


TECHNICAL NOTE 
TASK E-38 

APOLLO 4 

GN&C PREFLIGHT PERFORMANCE REVIEW 


NAS 9-4810 


2 NOVEMBER 1967 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW 

SYSTEMS GROUP 


NARA SW Box E209H-59 




05952-H324-R0-91 


DMG 


TRW NOTE NO. 68-FMT-683 


PROJECT APOLLO 
TASK MSC/TRW A-130 


APOLLO BLOCK DATA PROGRAM 
USER’S MANUAL (RLVISION I) 


20 SEPTEMBER 1968 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


Prepared by. 










H. H. Cunnlnqf>dm 
Analytic Mechanics Section 


Approved by ^ . \ V - 

C. D. Chenoweth 
Task Manager 
MSC/TRW Task A-130 
Soacefllght Operations 
Department 


Approved by 



D. M. Austgen^ 
Mission Simuiafion 
Department 


Approved by ; /^/ -VO 

^ . R. Coates, Jr.' 

Assistant Project Manager- 
Mission Trajectory Control 
Program 


] 





NARA SW Box E209H-59 


05952-H319-R0-00 


TRW NOTE NO. 67-FMT-566 


MSC/TRW APOLLO PROGRAM 
MANAGEMENT TASK 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
CONTRACTOR FINANCIAL MANAGEMENT REPORT 
COMPUTERIZED FORM 533 DOCUMENTATION 


23 OCTOBER 1967 


Prepared by 

TRW Systems, Houston Operations 


Prepored for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 



jTRW No. 2141-6001-RU000 



APOLLO SPACECRAFT SYSTEMS ANALYSIS PROGRAM 
TASK NO. ASPO-15 (SUBTASK 1) 


OVERALL CRITICAL PARAMETER 
CONTROL P L .'\ N 


29 October 1 965 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 

Contract No. NAS 9-4810 





TRW SYSTEMS 


NARA SW Box E209H-5 





TRW No. 2141-6002-RU000 


APOLLO SPACECRAFT SYSTEMS ANALYSIS PROGRAM 
TASK NO. ASPO-15 [SUBTASK 1) 


CONTROL PLAN FOR 
MASS PROPERTIES 


29 October 1 965 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 

Contract No. NAS 9-4810 



\y,' ft ; jU ,5 

liiWi Al 









77?ll^^sr£/ws 


NARA SW Box E209H-5 




2141-60C2-RU001 


APOLLO SPACECRAFT SYSTEMS ANALYSIS PROGRAM 
TASK NO. ASPO-15 {SUBTASK 1) 


CONTROL PLAN FOR 
MASS PROPERTIES 
(REVISION A) 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


1 5 December 1 965 





NARA SW Sox E209H-5 



TRW No. 2141-6003-RU000 


APOLLO SPACECRAFT SYSTEMS ANALYSIS PROGRAM 
TASK NO. ASPO-15 (SUBTASK 1) 


CONTROL PLAN FOR 
VE LOC I T Y- TO - BE- G A I N E D CAPACITY 


29 October 1 965 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 

Contract No. NAS 9-4810 




TRW SYSTEMS 


NARA^W Box E209H-5 



2142-6003-T0-000 


PROGRAM TECHNICAL REPORT 
TASK ASPO 1 2 


ADDITIONAL SLOCK II CSM ATTITUDE CONTROL MODE BLOCK 
DIAGRAMS FOR LUNAR PERFORMANCE VALIDATION 


NAS 9-4810 


1 APRIL 1966 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
ASSAP 


TRW SYSTEMS 


NARA SW Box E209H-5 



TRW No. 2141-6004-RU000 


APOLLO SPACECRAFT SYSTEMS ANALYSIS PROGRAM 
TASK NO. ASPO-15 {SUBTASK 1) 


CONTROL PLAN FOR 
ATTITUDE CONTROL IMPULSE CAPACITY 


29 October 1 965 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 

Contract No. NAS 9-4810 


TRW SYSTEMS 


NARA SW Box E209H-5 



TRW No. 2141-6005-RU000 


APOLLO SPACECRAFT SYSTEMS ANALYSIS PROGRAM 
TASK NO. ASPO'15 (SUBTASK 1) 


CONTROL PLAN FOR 
ELECTRICAL POWER CAPACITY 


29 Ocfober 1 965 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 

Contract No. NAS 9-4810 




NARA SW Box E209H-5 


TPAV No. 2141-60C6-RU000 


APOLLO SPACECRAFT SYSTEMS ANALYSIS PROGRAM 
TASK NO. ASPO-15 {SUBTASK 1) 


CONTROL PLAN FOR 
COMMUNICATIONS CAPACITY 


29 October 1 965 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 

Contract No. NAS 9-4810 


!'sClir?r:*s, ubra^y 



TRW SYSTEMS 


NARA SW Box E209H-5 




TRW No. 214]-6007-RU00C 


APOLLO SPACECRAFT SYSTEMS ANALYSIS PROGRAM 
TASK NO. ASPO-15 (SUBTASK 1) 


CONTROL PLAN FOR 
THERMAL CONTROL CAPACITY 


29 October 1 965 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 

Contract No. NAS 9-4810 


X 



TRW SYSTEMS 


NARA SW Box E209H-5 



TRW No. 2141-6008-RU000 


APOLLO SPACECRAFT SYSTEMS ANALYSIS PROGRAM 
TASK NO. ASPO-15 (SUBTASK 1) 


CONTROL PLAN FOR 
WATER MANAGEMENT CAPACITY 


29 October 1 965 


Prepared for 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 

Contract No. NAS 9-4810 




TRW SYSTEMS 


NARA SW Box E209H-5 



2U2-H004-R0-000 


PROGRAM TECHNICAL REPORT 
TASK ASPO 1 2 - (4) 

APOLLO SPACECRAFT DESIGN HEATING TRAJECTORIES 
FOR SATURN V VEHICLES 


NAS 9-4810 


13 JUNE 1966 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW SYSTEMS 


NARA SW Box E209H-5 



2142-H005-R0-000 


PROJECT TECHNICAL REPORT 
TASK ASPO'l 2 


CSM MECHANIZATION VALIDATION 
AND ERROR ANALYSIS FINAL REPORT 


NAS 9-4810 


15 JUNE 1966 


/ 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW SYSTEMS 


NARA SW Box E209H-5 



Contract No. NAS 9-U8IO 



TRW SPACE TECHNOLOGY LABORATORIES 

THOMPSON RAMO WOOLDRIDGE INC. 

ONE SPACE PARK • REDONDO BEACH. CALIFORNIA 


NARA SW Box E209H-5 


Cifog, 


APOLLO SPACECRAFT 

LUNAR MISSION PERFORMANCE VALIDATION 


Montlily Progress Report 


ASSAP TASK 12 


1 MARCH 1966 


Prepared for 

NASA MANNED SPACECRAFT CENTER 

Houston, Texas 


Under 

Contract No. NAS9-2938 


TRW SYSTEMS 


NARA SW Box E209H-5 




2141-H002-KUUUU 


PROJECT TECHNICAL REPORT 
TASK ASPO' ] 5 


ELECTRICAL POWER MANAGEMENT PROGRAM 
PLANNING GUIDE FOR C5M AND LEM 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


26 November 1965 


TRW SYSTEMS 


NARA SW Box E209H-5 





CSM SCS DISPUY MODE OPTIONS 
(ASPO TASK 12.1) 

Prepared By: R. Boudreau 

2142— HOOl—TU— 000 10 November 1965 



05952-H326-R0-00 

EB67-3738(U) 


APOLLO COMMUNICATIONS SYSTEMS 
TASK E-59A 
TECHNICAL REPORT 


LM DIGITAL UPLINK ASSEMBLY PERFORMANCE 


10 NOVEMBER 1967 


Prepared for 


TRW SYSTItl^ 
HOUSTON 0? i 

TECHNICiil ll3r 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Contract No, NAS 9-4810 


TRW SYSTEMS 




05952-H327-R0-00 


TRW NOTE NO. 67-FMT-573 

PROJECT APOLLO 
TASK MSC/TRW A- 1 08 


TRACKING DATA PREPROCESSOR USERS GUIDE 


28 DECEMBER 1967 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON; TEXAS 
NAS 9-4810 


Prepared 


hy (JL, 

A. G. Gray 


Approved 



E. D. Stuckic; Manager 
Manned Mission Programming 
Department 


Approved 


hy A 


R. W. Vender 
Task Manager 



Stucken 


5 r^pproved by 


c. ie> . 

C . R . Coates 
Assistant Project Manager 
Mission Trajectory 
Control Program 


TRW 




05952-H327-R0-00 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 68-FM- 7 


January 3, 1968 

MISSION B-l/LM-1 
(APOLLO 5) SEPARATION 
AND RECONTACT ANALYSIS 

S-IVB/LM-1 SEPARATION 
VOLUME I 

PRA/ATCA CONTROL 

By Mission Simulation Department 
TRW Systems Group 
and 

Flight Studies Section 
Flight Analysis Branch 
NASA/MSC 


TRW SYSTEMS 
HOUSTON OPERATIONS 
TECHNICAL LIBRARY 


MISSION PLANNING AND ANALYSIS DIVISION 

MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 



MSC Task Monitor 
M. L. Williamson 





05952-H328-R0-00 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 67-FM-130 
DECEMBER 31, 1967 


AGC LAUNCH DISPLAY PARAMETER 
ANALYSIS FOR MANNED MISSIONS 

i 


By Spaceflight Operations Department 
TRW Systems Group 



MSC Task Monitor 
E.M. Hend erson 


MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 



05952-H329-R0-00 


TRW NOTE NO. 67-FMT-574 

PROJECT APOLLO 
TASK MSC/TRW AA- 1 1 


SOLAR PANEL ATTITUDE STUDY FOR AAP ORBITAL 
WORKSHOP MISSIONS 


17 NOVEMBER 1967 


Prepared by 

Mission Planning Section 
TRW Systems Group 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 




05952-H330-RO-00 


MONTHLY PROGRESS REPORT 


APOLLO SPACECRAFT 
SYSTEMS ANALYSIS PROJECT 


15 NOVEMBER 1967 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW 



05952-H332-R0-00 


TRW NOTE NO. 67-FMT-576 

PROJECT APOLLO 
TASK MSC/TRW A- 105 


NAVIGATION ANALYSIS STUDY 
CSM ACTIVE RENDEZVOUS 


20 NOVEMBER 1967 


Prepared for 


MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


Prepared by 


Approved by ^ * 

V.G. Schock, Subfask Manager J. B. Cl ifford , Task Manager 

Mission Analysis Section 



Prepared by ^ Approved by 


KR. Mellon 
Navigation Analysis Section 


Approved by. 


Navigation Analysis Section 

L../. Skidmore, Manager 
Systems Evaluation Department 

C. R. Coates 

Assistant Project Manager 
Mission Trajectory 
Control Program 


TRW 




05952-H325-R0-00 


TRW NOTE NO. 67-FMT-572 

PROJECT APOLLO 
TASK MSC/TRW A- 130 


PROGRAMMING MANUAL FOR THE 
APOLLO BLOCK DATA PROGRAM 


4 DECEMBER 1967 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


Prepared by. 

Ina Cooper 

Abort Analysis Group 


Approved by ^ ^ 




E. D. Stuckle, Manager 
Manned Mission Programming 
Department 


Approved by^ / Appr^,,..^ hv ^ ^ 

/ F. Martin, Task Manager C. R. Coates 

Assistant Project Manager 
Mission Trajectory Control 
Program 


Manager 
Mission Operation Section 




05952-H336-R0-00 


TRW NOTE NO. 67-FMT-579 

PROJECT APOLLO 
TASK MSC/TRW A- 97 


LGC/RTCC COMPATIBILITY VERIFICATION 
RESULTS USING THE LM-1 BURST 116 
FLIGHT PROGRAM 


27 DECEMBER 1967 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


Prepared by 
H . L . WIddI fie! d 
J. B. HIM 


Approved by. 


Approved 




■Y.Ygg-^ 

.(Klenk 


W. J, 

Assistant Manager for 
Software, Guidance and 
Control Deoartment 



E. Green 
Assistant Project Manager 
Mission Trajectory Control 
Program 


TRW 



a5952-H339-R0-00 


PROJECT TECHNICAL REPORT 
TASK E-45A 


SECOND QUARTERLY PROGRESS REPORT, VOLUME I 


NAS 9-4810 16 NOVEMBER 1967 



Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 



Prepared by 
H. H. Battley 
D. C. Gardner 
M. L. Nelson 
R. G. Posgay 


TRW SYSTEMS 



05952-H340-R0-00 


PROJECT TECHNICAL REPORT 
TASK E-45A 


SECOND QUARTERLY PROGRESS REPORT, VOLUME II 


NAS 9-4810 NOVEMBER 1967 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 
S. S. Kwong 
H. H. Baftiey 


TRW SYSTEMS 




05952-H334-R0-00 


TRW NOTE NO. 67-FMT-577 

PROJECT APOLLO 
TASK MSC/TRW A- ] 46 


MASS PROPERTIES PROGRAM 
(MASPRO) HX 201A 


1 DECEMBER 1967 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
AMNNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


Prepared by 




R. V. Knaus 
R. S. West 
R. Cunningham 





Approved hv ^ ^ QAhL.. , / 

J. E. Alexander, Manager 
Systems Analysis Department 
Manned Spacecraft Systems 
Laboratory 



Program 


Approved 


by 



E. D. Stuckle, Manager 
Manned Mission Programming 
Department 


TRW 



05952-H341-RO-01 


APOLLO COMMUNICATION SYSTEMS 
TASK E-9D 
TECHNICAL REPORT 


APOLLO COMMUNICATION SYSTEMS PERFORMANCE AND 
COVERAGE ANALYSIS FOR MISSION AS-204/LM-1 
ADDENDUM - 16 JANUARY 1968 TRAJECTORY 


16 JANUARY 1968 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Under 

Contract No. NAS 9-4810 


TRW SYSTEMS 




05952-H342-R0-00 


PROJECT TECHNICAL REPORT 
TASK ASPO 39B 


THREE DIMENSIONAL VIBRATION MODES FOR 
HALF-FULL CSM/LM DOCKED VEHICLE 

NAS 9-4810 20 NOVEMBER 1967 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


Prepared by 
A. Bedford 
A. P. Goldberg 


TRW SYSTEMS 






/ 




/ '' 


05952-H343-R0-O0 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MSC INTERNAL NOTE NO. 67-FM-146 


December 7, 1967 


REAL - TIME AUXILIARY COMPUTING 
FACILITY LV-501/CSM-017 
MISSION REPORT 


By Flight Analysis Branch 
NASA/MSC 
and 

Mission Operations Section 
TRW Systems Group 


MSC Subtask Monitor 




M.A. Collins, Jr. 

MISSION PLANNING AND ANALYSIS DIVISION 

MANNED SPACEC RAFT CENTER 

HOUSTON. TEXAS 


OX E209H-62 



05952-H346-R0-00 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSC INTERNAL NOTE NO. 67-FM-190 


DECEMBER 11, 1967 


APOLLO MISSION AS-204/LM-1 
SPACECRAFT DISPERSION ANALYSIS 


By Mission Analysis Section 
TRW Systems 


MSC Task Monitor 
R. L. McHenry 




MISSION PLANNING AND ANALYSIS DIVISION 

MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 



05952-H347-R0-00 



TRW NOTE NO . 67-FMT-586 

PROJECT APOLLO 
TASK MSC/TRW A-149 


TRANSEARTH INJECTION ABORT PROCESSOR 
ENTRY RANGE FUNCTIONS 


15 DECEMBER 1967 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMIN ISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


Prepared by^ 



R. L. El yea , Tas 
J. M. Cencloso 
Flight Analysis Section 


Manager 


Approved by. 





R. K. Petersburg, Manager^^ 
Spaceflight Operations 
Department 


Approved by 


D. P. Johnson 

Assistant Project Manager 

(Acting) 

Mission Trajectory Control 
Program 


TRW 




05952-H348-R0-00 


MONTHLY PROGRESS REPORT 


APOLLO SPACECRAFT 
SYSTEMS ANALYSIS PROJECT 


NAS 9-4810 


15 DECEMBER 1967 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


TRW 




05952-H349-R0-00 


BIMONTHLY PROGRESS REPORT 


NAS 9-4810 


APOLLO MISSION TRAJECTORY 
CONTROL PROGRAM 

15 DECEMBER 1967 



TRW SYSTEMS 




05952-H350-R0-00 


BIMONTHLY PROGRESS REPORT 


APOLLO APPLICATIONS MISSION 
TRAJECTORY CONTROL PROGRAM 

NAS 9-4810 15 DECEMBER 1967 


TI^W SYSTEMS 



05952-H351-R0-00 


TRW NOTE NO. 67-FMT-584 
PROJECT APOLLO 

TASK MSC/TRW A-136 AND A-54.2 


APOLLO MISSIONS PROP BOX LIBRARY 


VOLUME I 
8 DECEMBER 1967 


Prepared for 

MISSION PLANNING AND ANALYSIS DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 
NAS 9-4810 


Approved by 



W. H. Chew, Task Manager 
MSC.-TRV/ Task A-136 


Approved by 


G. C. Debney, Tasl^ Manager 
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